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N  E  reafoh  for  the  prefent  puBlica- 
tion  has  been  the  favourable  recep¬ 
tion  of  thofeof  my  ObJervatiojis  on  differ e7it 
kinds  of  airy  which  were  publilhed  in  the 
Phiiofophical  Tranfaftions  for  ‘the  year 
1772,  .and  the  demand  for  them  by  per- 
fons  who  did  not  chufe,  for  the  fake  of 
thofe  papers  only,  to  purchafe  the  whole 
volume  in  which  they  were  contained; 
Another  motive  was  the  additions  to  my 
obfervations  on  this  fubject,  in  confe- 
quence  of  which  my  papers  grew  too  large 
for  fuch  a  publication  as  the  Philofophkal 
T!ranf actions: 

» 

Contrary,  therefore','  to  my  intention,’ 
expreffed  Phiiofophical  Tranfaftions,  vol. 
64.  p.  90j.but  with  the  approbation  of 
the  Prefident,  and  of  my  friends  in  the  fo~ 

a  3  ciety,> 
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ciety,  I  have  determined  to  fend  them  no 
more  papers  for  the  prefent  on  this  fubj  eft, 
but  to  make  a  feparate  and  immediate 
publication  of  all  that  I  have  done  with 
refpeft  to  it, 

Befides,  confidering  the  attention  which, 
I  am  informed,  is  now  given  to  this  fub- 
jeft  by  philofophers  in  all  parts  of  Eu¬ 
rope,  and  the  rapid  progrefs  that  has  al¬ 
ready  been  made,  and  may  be  expefted  to 
be  made  in  this  branch  of  knowledge,  all 
unneceflary  delays  in  the  publication  of 
experiments  relating  to  it  arc  peculiarly 
unjuftifiable. 

.  When,  for  the  fake  of  a  little  more  re- 
putation,  men  can  keep  brooding  over  a 
new  faft,  in  the  difcovery  of  which  they 
might,  poffibly,  have  very  little  real  merit, 
till  they  think  they  can,aftonifh  the  world 
with  a  fyftem  as  complete  as  it  is  new, 
and  give  mankind  a  prodigious  idea  of 
their  judgment  and  penetration ;  they  are 
juftly  punilhed  for  their  ingratitude  to  the 
fountain  of  all  knowledge,  and  for  their 
‘  want  jDf  a  genuine  love  of  fcience  and  of 

man- 
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mankind,  in  finding  their  boafted  difco- 
veries  anticipated,  and  the  field  of  honcft  ' 
fame  pre-occiipied,  by  men,  who,  from  a 
natural  ardour  of  mind,  engage  in  philo- 
fophical  purfuits,  and  with  an  ingenuous 
fimplicity  .  immediately  communicate  to 
others  whatever  occurs  to  them  in  their 
inquiries. 

As  to  myfelf,  I  find  it  abfolutely  Impof- 
fible  to  produce  a  work  on  this  fubjeft 
that  Ihall  be  any  thing  like  mnplete.  My 
firft  publication  I  acknowledged  to  be  very 
imperfeft,  and  the  prefent,  I  am  as  ready 
to  acknowledge,  is  ftill  more  fo.  But,  pa¬ 
radoxical  as  it  may  feem,  this  will  ever  be 
the  cafe  in  the  progrefs  of  natural  fcience, 
fo  long  as  the  works  of  God  are,  like  him- 
felf,  infinite  and  inexhauftible.  In  com¬ 
pleting  one  difcovery  we  never  fail  to  get 
an  imperfect  knowledge  of  others,  of 
which  we  could  have  no  idea  before  5  fo 
that  we  cannot  folve  one  doubt  without 
creating  feveral  new  ones. 

Travelling  on  this  ground  refembles* 
Pope's  defcription  of  travelling  among 
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the  Alps,  with  this  difference,  that  here 
there  is'not  only  2.  fncceJjion^  but  an  i?2creafe 
of  new  objedls  and  new  difficulties. 

So  pleasM  at  firfl  the  tow’ring  Alps  we  try. 

Mount  o’er  the  vales,  and  feem  to  tread  the  Iky. 

Th’  eternal  fnpws  appear  already  pall. 

And  the  £t11  clouds  and  mountains  feerii  the  lad. 

But  thofe  attain’d,  we  tremble  to  furvey 
The  growing  labours  of  the  lengthen’d  way. 

Th’ increafing  profpeU;  tires  our  wand’ring  eyes, 

Hills  peep  o’er  hijls,  and  Alps  on  Alps  arife. 

Essay  on  Criticism, 

/ 

Newton,  as  lie  had  very  little  know¬ 
ledge  of  dir^  fo  he  had  few  doubts  con¬ 
cerning  it.  Had  Dr.  Flales-,  after  Iiis  va¬ 
rious  and  valuable  invcftigations,  given 
a  lift  of  all  his  defiderata^  I  am  confident 
that  he  would  not  have  thought  of  one  in 
ten  that  had  occurred  to  me  at  the  time 
’  of  my  laft  publication  ;  and  my  doubts, 
queries,  and  hints  for  new  experiments 
are  very  confiderahly  increafed,  after  a 
feries  of  inveftigations,  which  have  thrown 
great  light  upon  many  things  of  which  I 
was  not  able  to  give  any  explanation  before. 

I  would 
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I  would  obferve  farther,  that  a  perfon 
who  means  to  fcrve  the  caufe  of  fcience 
cffeftually,  muft  hazard  his  own  reputa¬ 
tion  fo  far  as  to  rilk  even  mijlakes  in  things 
of  lefs  moment.  Among  a  multiplicity 
of  new  objefts,  and  new  relations,  fome 
will  neceflarily  pafs  without  fufficient  at¬ 
tention  3  but  if  a  man  be  not  miftaken  in 
the  principal  objefts  of  his  purfuits,  he 
has  no  occafion  to  diftrefs  himfelf  about 
lefler  things.' 

In  the  progfefs  of  his  inquiries  he  will 
generally  be  able  to  redlify  his  own  mif^ 
takes  3  or  if  little  and  envious  fouls  fhould 
take  a  malignant  pleafure  in  detedling 
them  for  him,  and  endeavouring  to  expofe 
him,  he  is  not  worthy  of  the  name  of  a 
philofopher,  if  he  has  notftrength  of  mind 
fufficient  to  enable  him  not  to  be  difturb- 
ed  at  it.  He  who  does  not  fooliflily  afFedl 
to  be  above  the  failings  of  humanity,  will 

not  be  mortified  when  it  is  proved  that  he 
is  but  a  man. 

In  this  work,  as  well  as  in  all  my  other 
philofophical  writings,  I  have  made  it  a 

rule 
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rule  not  to  conceal  the  real  ‘views  with 
which  I  have  made  experiments  ;  becaiife 
though,  by  following  a  contrary  maxim, 
I  might  have  acquired  a  charaflerof  great¬ 
er  fagacity,  I  think  that  two  very  good 
ends  are  anfwered  by  the  method  that  I 
have  adopted.  For  it  both  tends  to  make  a 
narrative  of  a  coiirfe  of  experiments  more 
interefting,  and  likewife  encourages  other 
adventurers  in  experimental  philofophy  ^ 
fiiewing  them  that,  by  purfuing  even  falfe 
lights,  real  and  important  truths  may  be 
difeovered,  and  that  in  feeking  one  thing 
w^e  often  find  another. 

In  fome  refpecls,  indeed,  this  method 
makes  the  narrative  longer ^  but  it  is  by 
making  it  Icfs  tedious ;  and  in  other  re- 
l])eft s  I  have  written  much  more  concifely 
than  is  ufual  with  thofe  who  publifli  ac¬ 
counts  of  their  experiments.  In  this  trea- 
tife  the  reader  will  often  find  the  refult  of 
long  procefl’es  exprefied  in  a  few  lines,  and 
of  many  fuch  in  a  fingle  paragraph  ^ 
each  of  which,  if  I  had,  with  the  ufual 
parade,  deferibed  it  at  large  (explaining 
firll  the  preparation^  then  reciting  the  rv- 
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ferment  itfelf,  with  the  refnlt  of  it,  and 
laftly  making  fuitable  reJleBions)  would 
have  made  as  many  fe6lions  or  chapters, 
and  have  fwelled  my  book  to  a  pompous 
and  refpeftable  fize.  But  I  have  the  plea- 
fure  to  think  that  thofe  philofophers  who 
have  but  little  time  to  fpare  for  readings 
which  is  always  the  cafe  with  thofe  who 
do  much  themfelves,  will  thank  me  for 
hot  keeping  them  too  long  from  their 
own  purfuits  3  and  that  they  will  find  ra¬ 
ther  more  in  the  volume,  than  the  appear¬ 
ance  of  it  promifes. 

I  do  not  think  it  at  all  degrading  to 
the  bufinefs  of  experimental  philofophy, 
to  compare  it,  as  I  often  do,  to  the  diver- 
fion  of  hujiting^  where  it  fometimes  hap¬ 
pens  that  thofe  who  have  beat  the  ground 
the  moft,  and  are  confequently  the  beft 
acquainted  with  it,  weary  themfelves 
'  without  ftarting  any  game  3  when  it  may 
fall  in  the  way  of  a  mere  paffenger  3  fo 
that  there  is  but  little  room  for  boafiing 
in  the  molT:  fuccefsful  termination  of  the 
ehace. 
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The  beft  founded  'praife  is  that 
which  is  due  to  the  man,  who,  from 
a  fupreme  veneration  for  the  God  of 
nature,  takes  pleafure  in  contemplating 
his  worksy  and  from  a  love  of  his 
fcllow-cre'atures,  as  the  offspring  of 
the  fame  all-wife  and  benevolent  parent, 
with  a  grateful  fenfe  and  perfeft  enjoy¬ 
ment  of  the  means  of  happinefs  of  which 
he  is  already  pofTeffed,  feeks,  with  earneft- 
nefs,  but  without  murmuring  or  impa¬ 
tience,  that  greater  commajid.  of  the  powers 
of  naturey  which  can  only  be  obtained 
by  a  more  extenfive  and  more  accurate 
knowledge  of  them;  arid  which  alone 
can  enable  us  to  avail  ourfelves  of  the 
numerous  advantages  with  which  we  ,are 
furrounded,  and  contribute  to  make  our 
common  fituation  more  fecure  and 
happy. 

Befides,  the  man  who  believes  that  there 
is  a  governor  as  well  as  a  maker  of  the 
world  (and  there  is  certainly  equal  reafoif 
to  believe  both)  will  acknowledge  his 
providence  and  favour  at  leaft  as  much 
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in  a  fuccefsful  purfuit  of  kiiowledge^  as  of 
wealth 'y  which  is  a  fentiment  that  entirely 
cuts  off  all  boafting  with  refpeft  to  our- 
felvcs,  and  all  envy  and  jealoufy  with  fe^ 
fpeft  to  others  ^  and  difpofes  us  mutu¬ 
ally  to  rejoice  in  every  new  light  that  we  ■ 
receive,  through  whofe  hands  foever  it  be 
conveyed  to  us. 

I  fliall  pafs  for  an  enthuliafl:  with  fome, 
but  I  am  perfectly  eafy  under  the  imputa¬ 
tion,  becaufe  I  am  happy  in  thofe  views 
which  fubjedt  me  to  it ;  but  confidering 
the  amazing  improvements  in  natural 
knowledge  which  have  been  made  with¬ 
in  the  laft  century,  and  the  many  ages, 
abounding  with  men  who  had  no  other 
objedt  but  ftudy,  in  which,  however,  no¬ 
thing  of  this  kind  was  done,  there  ap¬ 
pears  to  me  to  be  a  very  particular  pro¬ 
vidence  in  the  concurrence  of  thofe  cir- 
cumftances  which  have  produced  fo  great 
a  change  ;  and  I  cannot  help  flattering  . 
myfelf  that  this  will  be  inflrumental  in 
bringing  about  other  changes  in  the  ftate 
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of  the  world,  of  much  more  confequencc 
to  the  improvement  and  happinefs  of  it. 

This  rapid  progrefs  of  knowledge, 
which,  like  the  progrefs  of  a  wave  of 
the  fea,  of  fowid^  or  of  light  from  the 
fun,  extends  itfelf  not  this  way  or  that 
way  only,  but  hi  all  direBions^  will,  I 
doubt  not,  be  the  means,  under  God, 
of  extirpating  all  error  and  prejudice, 
and  of  putting  an  end  to  all  undue  and 
ufurped  authority  in  the  bufinefs  of  re^ 
ligion^  as  well  as  of  fcience  ^  and  all  the 
efforts  of  the  interefted  ‘  friends  of  cor¬ 
rupt  eftablifhments  of  all  kinds  will  be 
ineffedtual  for  their  fupport  in  this  en¬ 
lightened  age  :  though,  by  retarding  their 
downfal,  they  may  make  the  final  ruin 
of  them  more  complete  and  glorious.  It 
was  ill  policy  in  Leo  the  Xth  to  patro¬ 
nize  polite  literature.  He  was  cherifh- 
ing  an  enemy  in  difguife.  And  the  Eng- 
lifli  hierarchy  (if  there  be  any  thing  un¬ 
found  in  its  conftitution)  has  equal 
reafon  to  tremble  even  at  an  air-pump, 
or  an  electrical  machine. 
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There  certainly  never  was  any  period 
in  which  natural  knowledge  made  fucll 
a  progrefs  as  it  has  done  of  late  years, 
and  efpecially  in  this  country;  and  they' 
who  affeft  to  fpeak  with  fupercilious  con- 
tertipt  of  the  publications  of  the  pre- 
fent  age  in  general,  or  of  the  Royal  So¬ 
ciety  in  particular,  are  only  thofe  who 
are  therhfelves  engaged  in  the  moft  tri¬ 
fling  of  all  literary  purfuits,  who  are 
unacquainted  with  all  real  fcience,  and 
are  ignorant  of  the  progrefs  and  pre- 
fent  Rate  of  it.^* 

It  is  true  that  the  rich  and  the  great 
in  this  country  give  lefs  attention  to 
thefe  fubjedts  than,  I  believe,  they  were 
ever  known  to  do,  fince  the  time  of 
Lord  Bacon,  and  much  lefs.  than  men 
of  rank  and  fortune  in  other  countries . 
give  tQ  thern.  But  with  us  this  lofs  is 

*  See  Sir  John  Pringle’s  Difcourfe  on  the  different  kinds 
of  aivt  p.  29,  which,  if  it  became  me  to  do  it,  I 
would  recommend  to  the  reader,  as  containing  a  juft 
and  elegant  account  of  the  feveral  difeoveries  that 
have  been  fucceffively  made,  relating  to  the  fubjedl  of 
this  treatife. 
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made  up  by  men  of  leifure,  fpirit,  and 
ingenuity,  in  the  middle  ranks  of  life, 
which  is  a  circumftance  that  promifes 
better  for  the  continuance  of  this  pro- 
grefs  in  ufefuL  knowledge  than  any  no¬ 
ble  or  royal  patronage.  With  us,  politics 
chiefly  engage  the  attention  of  thofe  who 
ftand  foremoft  in  the  community,  which, 
indeed,  arifes  from  the  freedom  and  pecu¬ 
liar  excellence  of  our  conlfitutioh,  with¬ 
out  which  even  the  fpirit  of  men 
of  letters  in  general,  and  of  philofo- 
phers  in  particular,  who  never  direftly 
interfere  in  matters  of  government,  would 
languifh. 

It  is  rather  to  be  regretted,  however, 
that,  in  fuch  a  number  of  ,  nobility  and 
gentry,  fo  very  few  fhould  have  any  taflie 
for  fcientifical  purfuits,  becaufe,  for  many 
valuable  purpofes  of  fcience,  wealth  gives 
a  decifive  advantage.  If  extenfive  and 
\z.iYmgfame  be  at  all  an  objeft,  literary, 
and  efpecially  fcientifical  purfuits,  are 
preferable  to  political  ones  in  a  variety 
of  refpefts.  The  former  are  as  much 
more  favourable  for  the  difplay  of  the 

2  human 

...  f  ■  ' 


PREFACE; 


xvii 

human  faculties  than  the  latter,  as  the. 

fyjiein  oj  nature  is  fuperior  to  any  political 

fyjiem  upon  earth. 

% 

•  ^  ‘  .  V  •  '  j  •  * 

If  extenfive  ufefulnefs,  be  the  objeft, 
fcience  has  the  fame  advantage  over  poli¬ 
tics.  The  greateft  fuccefs  in  the  latter 
feldom '  extends  farther  than  one  par¬ 
ticular  country,  and  one  particular  age  ; 
whereas  a  fuccefsful  purfuit  of  fcience 
makes  a  man  the  benefadlor  of  all  man-, 
kind,  and  of  every  age.  How  trifling 
is  the'  fame  of  any  fl:atefman  that  this 
country  has  ever  produced  to  that  of 
Lord  Bacon,  of  Newton,  or  of  Boyle ; 
and  how  much  greater  are  our  obliga¬ 
tions  to  fuch  men  as'  thefe,  than  to  any 
other  in  the  whole  Biographia  Britannica  ; 
and  every  country,  in  which  fcience  has 
flourifhed,  can  furnifli  ihftances'  for  Ami- 
lar  obfervations. 

0 

«  • 

Here  my  reader  will  thank  me,  and 
the  writer  will,  I  hope,  forgive  me,  if  I 
quote  a  paffage  from  the  poftfcripf  of  a 
letter  which  I  happeri  to  have  juft  re¬ 
ceived  from  that  excellent,  and  in  n%r 
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opinion  ^  fiot  too  enthufiaftical  philofo- 
pher,  father  Beccaria  of  Turin. 

Ml  fptace  che  il  mondo  politico  ch'  e  pur 
tanto  puJJ'eggero^  rubbi  il  grande  Franklin 
al  mondo  della  natiira^  che  non  ja  ne'  cam-- 
biare^  ne  mane  are.  In  Englifh.  “  I  am 
“  forry  that  the  political  worlds  winch  is 
‘‘  fo  very  tranfitory,  fhould  take  the 
great  Franklin  from  the  world  of  na--  . 
tiire^  which  can  never  change,  or  fail.’' 

I  own  it  is  with  peculiar  pleafure  that 
I  quote  this  pafiage,  refpefting  this  truly 
great  man,  at  a  time  when  fome  of  the 
infatuated  politicians  of  this  countiy  are 
vainly  thinking  to  build  their  wretched 
and  deftruftive  projefts,  on  the  ruins  of 
his  eftabliflied  reputation ;  a  reputation 
as  extenfive  as  the  fpread  of  fcience  it-^ 
fclf,  and  of  which  it  is  faying  very  lit¬ 
tle  indeed,'  to  pronounce  that  it  will  laft  ' 
and  flourifh  when  the  names  of  all  his 
enemies  fhall  be  forgotten. 
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I  think  it  proper,  upon  this  occafion, 
to  inform  my  friends,  and  the  public, 
that  I  have,  for  the  prefent,  fufpended 
my  defign  of  writing  the  hijlory  and  pre¬ 
fent  fate  of  all  the  branches  of  experi¬ 
mental  philofophy,  .  This  has  arifen  not 
from  any  didike  of  the  undertaking,  but, 
in  truth,  becaufe  I, fee  no  pro fpect  of  be¬ 
ing  reafonably  indemnified  for  fo  much 
labour  and  expence,  notwithftanding  the 
Ipecimens  I  have  already  given  of  that 
work  (in  the  hifiory  of  eleBricity^  and  of 
the  difcoveries  relating  to  ^ifion^  lights 
and  colours)  have  met  with  a  much 
more  favourable  reception  from  the 
bell  judges  both  at  home  and  abroad, 
than  I  expe6led.  Immortality,  if  I 
fhould  have  any  view  to  it,  is  not 
the  proper  price  of  fuch  w'orks  as 
thefe. 

I  propofe,  however,  having  given  fo 
much  attention  to  the  fubjeft  of  air^  to 
write,  at  my  leifure,  the  hifiory  and 
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prefent  (late  of  dlfcoverles  relating  to  It; 
in  which  cafe  I  fhall,  as  a  part  of  it,  re« 
print  this  work,  with  fuch  improvements 
as  lhall  have  occurred  to  me  at  that  time  ^ 
and  I  give  this  notice  of  it,  that  no  per- 
fon  who  intends  to  purchaie  it  may  have 
reafon  (being  thus  apprifed  of  my  inten¬ 
tion)  to  complain  of  buying  the  fame 
thing  twice,  If  any  peffon  chufe  it,  he 
may  fave  his  five  or  fix  fliillings  for  the 
prefent,  and  wait  five  or  fix  yeai*s  longer 
(if  I  fliould  live  fo  Ipng)  for  the  op¬ 
portunity  of  buying  the  fame  thing,  pro-, 
bably  much  enlarged,  and  at  the  fame 
time  a  complete  account  of  all  that  has 
been  done  by  others  relating  to  this  fub- 

je6t. 

\  > 

Though  for  the  plain,  and  I  hope  fa- 
tisfadlory  reafon  above  rhentioned,  I  fhall 
probably  write  no  other  hijlories  of  this 
kind,  1  fliall,  as  opportunity  ferves,  eur 
deavour  to  provide  materials  for  fuch  hi- 
ftories,  by  continuing  my  experiments, 
keeping  my  eyes  open  to  fuch  new  appear¬ 
ances  as  may  prefent  thcmfelves,  invefti- 
gating  them  as  far  as  I  fhall  be  able,  and 
'  '  never 
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liever  failing  to  communicate  to  the  pub¬ 
lic,  by  fome’channel  or  other,  the  refult 
of  my  obfervations. 

In  the  publication  of  this  work  I  have 
thought  that  it  would  be  agreeable  to  my 
readers  to  preferve,  in  fome  meafure,  the 
order  of  hiftory,  and  therefore  1  have  not 
thrown  together  all  that  I  have  obferved 
with  refpeft  to  each  kind  of  air,  but  have 
divided  the  work  into  two  farts  ;  the  for¬ 
mer  containing  what  was  publilhed  before, 
in  the  Philofophical  Tranfaftions,  with 
fuch  obfervations  and  correftions  as  fub- 
fecjuent  experience  has  fuggefted  to  me; 
and  I  have  referved  for  the  latter  part  of 
the  work  an  account  of  the  experiments 
which  I  have  made  fince  that  publication, 
and  after  a  pretty  long  interruption  in 
my  philofophical  purfuits,  in  the  courfe  of 
the  laft  fummer.  Befides  I  am  fenfible 
that  in  the  latter  part  of  this  work  a  dif¬ 
ferent  arrangement  of  the  fubjedls  will  be 
more  convenient,  for  their  mutual  il- 
luftration. 

^  I 
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Some  perfons  objeci:  to  the  term  air^  as 
applied  to  acidy  alkdiney  and  even  nitrous 
air  ;  but  it  is  certainly  very  convenient 
to  have  a  common  tej  ni  by  which  to  de¬ 
note  things  which  have  fo  many  common 
properties,  and  thofe  fo  very  ftriking ;  all 
of  them  agreeing  with  the  air  in  which 
we  breathe,  and  with  fixed  airy  in  elafiicityy 
and  tranfparency y  and  'in  being  alike  af- 
fefted  by  heat  or  cold ;  fo  that  to  the  eye 
they  appear  to  have  no- difference  at  all. 
With  much  more  reafon,  as  it  appears  to 
me,  might  a  perfon  objeft  to  the  common 
term  metaly  as  applied  to  things  fo  very 
different  from  one. another  as  gold,  quick- 
filver,  and  lead. 

'Befides,  acid  an^d.  alkaline  air  do  not 
.  differ  common. air  (in  any  refpcdt  that 

can  *  countenance  an  objection  to  their 
having  a  comnlon  appellation)  except  in 
fuch  properties  as  are  common  to  it  with 
fixed  airy  though  in  a  different  degree;  viz. 
that  of  being  imbibed  by  water.  But,  in¬ 
deed,  all  kinds  of  air,  common  air  itfelf 
not  excepted,  are  capable  of  being  im¬ 
bibed  by  water  in  fome  degree. 


Some 
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Some  may  think  the  terms  acid  and  al- 
,  kaline  'vapour  more  proper  than  acid  and 
alkaline  -air.  But  the  term  vapour  having 
always  been  applied  to  claftic  matters  ca-  ' 
pable  of  being  condenfed  in  the  tempera¬ 
ture  of  the  atmofphere,  efpecially  the  va¬ 
pour  of  water,  it  feems  hardi  to  apply  it 
to  any  elaftic  fubiiance,  which  at  the  fame 
time  that  it  is  as  tranfparent  as  the  aiir 
we  breathe,  is  no  more  affefted  by  cold 
than  it  is. 

As  my  former  papers  were  immediately 
tranflated  into  feveral  foreign  languages, 

I  may  prefume  that  this  treatife,  having  a 
better  title  to  it,  will  be  tranflated  alfo  ; 
and,  upon  this  prefumption,  1  cannot 
help  expreffing  a  wilh,  that  it  maybe  done 
by  perfons  who  have  a  competent  know¬ 
ledge  of  the  fuijeff,  as  well  as  of  the  Eng^ 
liJJ:)  laiiguage.  The  miftakes  made  by  fome 
foreigners,  have  induced  me  to  give  this 
caution. 

London^  Fee, 
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ADVERTISEMENT. 


H  E  ^weights  mentioned  in  the  courfe' 
of  this  treatife  are  Troy,  and  what 


is  called  an  omice  meafure  of  air^  is  the 
fpace  occupied  by  an  ounce  weight  of 

♦  .  '  \  ■ :  ■ '  '  w 

water,  which  is  equal  to  480  grains,  and 
is,  therefore,  almbft  two  cuiic  inches  of 
water  f  for  one  cubic  infch'  weighs  254' 
grains. 
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SEC  T.  I  O  N  L 

A  general  micw  of  preceding  discoveries  rer 

hting  to  air* 

•  • 

FO'R  the  better  uuderftandlng  of  the  ex¬ 
periments  and  obfervations  on  dlfferenc 
kinds  of  air  contained  in  this  treatife,  it  will  be 
ufeful  to  thpfe  who  are  not  acquainted  with  the 
hiftory  of  this  branch  of  natural  philofophy^ 
to  be  informed  of  thofe  fadls  which  had  been 
'  difcovercd  by  others,,  before  I  turned^  my 
thoughts  to  the  fubjcdl  5  which  fuggefied, 
and  by  the  help  of  which  I  was  enabled  to 
purfue,  my  inquiries*  Let  it  be  obferved, 
however,  thatl  do  not  profefs  to  recite  in  this 
place  all  that  had  been  difcovered  concerning 
air,  but  only  thofe  difcoveries  the  knowledge 
of  which  is  necelfary,  in  order  to  underhand 
>i\hat  I  have  done  myfelf ;  fo  that  any  perfoii 
who  is  only  acquainted  with  the  general  prin-« 
ciples  of  natural  philofophy,  may  be  able  to 
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read  this  treatife,  and,  with  proper  attention^ 
to  underftand  every  part  of  it. 

That  the  air  which  conftitutes  the  atmo- 
fphere  in  which  we  live  has  weighty  and  that 
It  is  elajlic,  or  confifls  of  a  compreflible  and 
drlatable  fluid,  were  fome  of  the  earliefl:  dif- 
coveries  that  were  made  after  the  dawning  of 
philofophy  in'  thitf  wcffern  pare  of  the  world. 

That:  elaftic  fluids,  diflering  eflentialFy' 
from  the  air  of  the  atmofphere,  but  agreeing 
with  it  in  the  properties  of  weight,  elaflicity, 
arid  tfanfparency,  might  be  generated  from 
folid  fubflances,  was  difeovered  by  Mr.  Boyk,= 
though  two  remarkable  kinds  of  fadtitious  air, 
at  leafl:  the  efledts  of  them,  had  been  known 
long  before  to  afl  miners.  One  of  thefe  is 
heavier  than  common  air.  It  lies  at  the  bottom 
of  pits,  extinguilhes  candles,  and  kills  animals 
that  breathe  it,  on  which  account  ft  had  ob¬ 
tained  the  name  of  the  choke  damp.  The  other 

lighter  than  common  air,  taking  its  place, 
near  the  roofs  of  fubterraneous  places,  and  be-., 
caufe  it  is  liable  to  take  fire,  and  explode,  like 
gunpowder,  it  had  been  called  the  fire  damp. 
The  word  damp  fignifies  vapour  or  exhalation 
in  the  German  and  Saxon  language. 

Though 
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Though  the  former  of  thefe  kinds  of  air 
had  been  known  to  be  noxious,  the  latter  I  be¬ 
lieve  had  not  been*  difcovered  to  be  fo,  hav¬ 
ing  always  been  found  in  its  natural  Hate,  fd 
ihuch  diluted  with  common  air,  as  to  be 
breathed  with  fafety.  Air  of  the  former  kind, 
befides  having  been  difcovered  in  various  ca¬ 
verns,  particularly  the  groita  del  Cane  in  Italy, 
had  alfo  been  obferved  on  the  furface  of  fer¬ 
menting  liquors,  and  had  been  called  gas 
(which  is  the  fame  geijl^  or  fpint)  by  Van 
Helmont,  and  ether  German  chymifts ;  but 
afterwards  it  obtained  the  name  of  fixed  air^ 
efpecialiy  after  it  had  been  difcovered  by  Dr; 
Black  of  Edinburgh  to  exifl,  in  a  fixed  (late, 
in  alkaline  falts,  chalk,  and  other  calcareous 
fubftancesi 

»  ■  ■  ■  <  "  » 

This  excellent  philofopher  difcovered  that  it 

is  the  prefence  of  the  fixed  air  in  thefe  fub- 
.fiances  that  renders  them  mUd^  and  that  wdien 
they  are  deprived  of  it,  by  the  force  of  fire,  or 
any  other  procefs,  they  are  in  that  ftate  which 
had  been  called  caujitc^  from  their  corroding 
or  burning  animal  and  vegetable  fubfianccs. 

Fixed  air  had  been  difcovered  by  Dr, 
Macbride  of  Dublin,  after  an  obfervation  of 
Sir  John  Pringle’s,  which  led  to  it,  to  be  in  a 
confiderable  degree  antifeptic  j  and  fince  it  is 
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extrafted  in  great  plenty  from  fermenting  ve¬ 
getables,  he  had  reconimended  the  ufe  of  worl 
(that  is  an  infufion  of  malt  in  water)  as  what 
would  probably  give  relief  in  the  fea-feuivy, 

which  is  faid  to  be  a  putrid  difeafe, 

« 

Dr.,  Brownrigg  had  alfo  difeovered  that  the 
fame  fpecies  of  air  is  contained  in  great  quanti¬ 
ties  in  the  water  of  the  Pyrmont  fpring  at  Spa 
in  Germany,  and  in  other  mineral  waters,  which 
have  what  is  called  an  acidulous  tafte,  and  that 
their  peculiar  favour,  brin<Lnefs,  and  medicinal 

virtues,  are  derived  from  this  ingredient. 

* 

Dr.  Hales,  without  feemlno;  to  imatrinS  that 
there  was  any  material  difference  between 
thefe  kinds  of  air  and  common  air,  obferved 
that  certain  fubifances  and  operations  generate 
air,  and  others  abjorh  it ;  imagining  that  the  di- 
minution  of  ‘air  was  fimply  a  taking  away 
from  the  common  mafs,  without  any  alteration 
in  the  properties  of  what  remained.  His  ex¬ 
periments,  however,  are  fo  numerous,  and  va¬ 
rious,  that  they  are  juftly  elfeemed  to  be  the 
folid  foundation  of  all  our  knowledge  of  this 
fubjed:. 

Mr.  Cavendifh  had  exadly  afeertained*  the 
,  fpecific  gravities  of  fixed  and  inflammable  air, 
shewing  the  former  of  them  to  be  if  heavier 

than 
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than  common  air,  and  the  latter  ten  times 
lighter.  He  alfo  fliewed  that  water  would  im- 

O  "  ^ 

bibe  more  than  its  own  bulk  of  fixed  air. 

Laftly,  Mr.  Lane  difeovered  that  water  thus 
Impregnated  with  fixed  air  will  diffolve  a  con- 
fiderable  quantity  of  iron,  and  thereby  become 
a  flrong  chalybeate. 

Thefe,  I  would  obferve,  are  by  no  means  all 
the  dilcoveries  concerning  air  that  have  been 
made  by  the  gentlemen  whofe  names  I  have 
mentioned,  and  flill  lefs  are  they  all  that  have 
been  made  by  others  •,  but  they  comprife  all 
the  previous  knowledge  of  this  fubjedt  that  is 
neceffary  to  the  underdanding  of  this  treatife  j 
except  a  few  particulars,  which  will  be  men¬ 
tioned  in  the  courfe  of  the  work,  and  which 
it  is,  therefore,  vinneceffary  to  recite  in  this 
^lace.  ,  -  . 


i 
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An  account  of  the  apparatus  with  which  the  fol¬ 
lowing  experiments  were  made, 

RAther  than  defcribe  at  large  the  manner  in 
which  every  particular  experiment  that  I 
lliall  have  occafion  to  recite  was  made,  which 
would  both  be  very  tedious,  and  require  an  un- 
iiecefTary  multiplicity  of  drawings,  I  think  it 
more  advifeable  to  giye,  at  one  view,  an  ac¬ 
count  of  all  my'  a])paratus  and  inflruments, 
or  at  lead  of  every  thing  that  can  require  a 
defeription,  and  of  all  the  different  operations 
'ahd  proceffes  in  which  I  employ  them. 

It  will  be  feen  that  my  apparatus  for  experi¬ 
ments  on  air  is,  in  fa6t,  nothing  more  than  the 
apparatus  of  Dr.  Hales,  Dr.  Brownrigg,  and 
Mr.  Cavendifh,  diverfified,  and  made  a  little 
more  fimple.  Yet  notwithilanding  the  fimpli- 
city  of  this  apparatus,  and'  the  eafe  with 
which  all  the  operations  are  condudled,  I  would 
not  have  any  perfon,  who  is  altogether  without 
experience,  to  imagine  th^t  he  fhall  be  able  to 
fele6l  any  of  the  following  experiments,  and 
immediately  perform  it,  without  difficulty  or 
•  '  ‘  blunder- 
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iDlundering.  It  is  known  to  all  perfons  who 
are  converfant  in  experimental  philofophy,  that 
there  are  many  little  attentions  and  precautions 
neceliary  to  be  obferved  in  the  condudling  of 
experiments,  which  cannot  well  be  deferibed  in 
w’ords,  but  wliich  it  is  needlcfs  to  deferibe, 
fince  pradlice  will  neceflarily  fuggeft  them; 
though,  like  all  other  arts  in  vchich  the  hands 
and  lingers  are  made  ufe  of,  it  is  only  much 
praciice  that  can  enable  a  perfon  to  go  through 
complex  experiments,  of  this  or  any  other  kind, 
W’ith  cafe and'readincfs. 

For  experiments  in  which  air  will  bear  to  be 
confined  by  water,  1  firft  ufed  an  oblong  trough 
made  of  earthen  ware,  as  a  fig.  i.  about  eight 
inches  deep,  at  one  end  of  which  I  put  thin 
flat  {tones,  h.  h,  about  an  inch,  or  half  an  inch, 
under  the  water,  ufing  more  or  fewer  of  them 
according  to  the  quantity  of  water  in  the  trough. 
But  I  have  fince  found  it  more  convenient  to 
ufe  a  larger  wooden  trough,  of  the  fame  gene¬ 
ral  fhape,  eleven  inches  deep,  two  feet  long, 
and  I  ~  wide,  with  a  fhelf  about  an  inch  lower 
than  the  top,  inflead  of  the  flat  {tones  above- 
mentioned.  This  trough  being  larger  than  the 
former,  I  have  no  occafion  to  make  provifion 
for  the  water  being  higher  or  lower,  the  bulk 
of  a  jar  or  two  not  making  fo  great  a  difference 
as  it  did  before. 

B  4 
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The  feveral  kinds  of  air  I  ■  ufually  keep  in 
cylindrical  jar  as  c,  c,  fig.  t,  about  ten  inches 
long,  and  2  t  wide,  being  fuch  as  I  have  ge-^ 
nerally  ufed  for  dedlrical  batteries,  but  I  have 
likewife  veffels  of  ver}^  different  forms  and 

fizes,  adapted  to  particular  experiments, 

■>  ^ 

When  I  want  to  remove  vefiTels  of  air  from 
the  large  trough^  I  place  them  in  pots  or  dijhes^ 
of  various  fizes,  to  hold  more  or  lefs  water, 
according  to  the  time  that  I  have  occafion  to 
keep  the  air,  as  fig.  2.  Thefe  1  plunge  in 
water,  and  fiide  the  jars  into  them  ;  after  which 
they  may  be  taken  out  together,  and  be  fet 
wherever  it  fiiall  be  mod  convenient.  For  the 
purpofe  of  merely  removing  a  jar  of  air  from 
one  place  to  another,  where  it  is  not  to  Hand 
longer  than  a  few'days,  I  make  ufe  of  common 
tea-diftoes^  which  wdll  hold  water  enough  for  that 
time,  unlefs  the  air  be  in  a  flatc  of  diminution, 
by  means  of  any  procefs  that  is  going  on 
in  it. 

If  I  want  to  try  whether  an  animal  will  live 
in  any  kind  of  air,  I  firft  put  the  air  into  a 
fmall  veflel,  juft  large  enough  to  give  it  room 
to  ftretch  itfelf ;  and  as  I  generally  make  ufe  of 
mice  for  this  purpofe,  I  have  found  it  very 
convenient  to  ufe  the  hollow  part  of  a  tall  beer- 
giafs,  ^fig,  I,  which  contains  between  two  and' 

three 
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three  ounce  meafures  of  air.  In  this  veflel  a 
moufe  will  live  twenty  minutes,  or  half  an ' 
hour. 

For  the  purpofe  of  thefe  experiments  it  h 
mod  convenient  to  catch  the  mice  in  fmall  wire 
traps,  out  of  wd.ich  it  is  eafy  to  take  them, 
and  holding  them  by  the  back  of  the  neck,  to 
pafs  them  through  the  w^ater  into  the  veffel 
which  contains  the  air.  If  I  expedt  that  the 
moufe  will  live  aconhderable  time,'  I  take  care 
to  put  into  the  veflel  fomething  on  which  it 
may  convenient!}'  lit,  out  of  the  reach  of  the 
water.  If  the  air  be  good,  the  moufe  will  foon 
be  perfedfly  at  its  eafe,  having  fuffered  nothing 
by  its  palling  through  the  water.  If  the  air  be 
fuppofed  to  be  noxious,  it  will  be  proper  (if  the 
operator  be  delirous  of'preferving  the  mice  for 
farther  ufe)  to  keep  hold  of  their  tails,  that  they 
maybe  withdrawn  as  foon  as  they  begin  to  diew 
ligns  of  uneafmefs;  but  if  the  air  be  thoroughly 
noxious,  and  the  moufe  happens  to  get  a  full  in-- 
fpiration,  it  will  be  impoflible  to  do  this  before 
it  be  abfolutely  irrecoveraule. 

In  order  to  keep  the  mice,  I  put  them  into  re¬ 
ceivers  open  at  the  top  and  bottom, ftanding  up¬ 
on  plates  of  tin  perforated  with  many  holes,  and 
covered  with  other  plates  of  the  fame  kind,  held 
down  by  fudicient  weights,  as  hg.  3.  Thefe 


receivers 
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receivers  ftand  upon  a  frame  of  wood,  that  the 
frcfh  air  may  have  an  opportunity  of  getting  to 
the  bottoms  of  them,  and  circulating  through 
them.  In  the  inlide  I  put  a  quantity  of  paper 
or  tow,  which  muft  be  changed,  and  the  veffel 
waihed  and  dried,  every  two  or  three  days.- 
This  is  mod:  conveniently  done  by  having  ano¬ 
ther  receiver,  ready  cleaned  and  prepared,  into 
which  the  mice  may  be  transferred  till  the  o- 
ther  fliall  be  cleaned. 

f 

Mice  mufl  be  kept  in  a  pretty  exadt  tempera¬ 
ture,  for  either  much  heat  or  much  cold  kills 
them  prefcntly.  The  place  in  which  I  have  ge¬ 
nerally  kept  them  is  a  fhelf  over  the  kitchen 
fire-place  where,  as  it  is  ufual  in  Yorkfhire,  the 
fire  never  goes  out  *,  fo  that  the  heat  varies  very 
little,  and  I  find  it  to  be,  at  a  medium,  about 
yo  degrees  of  Fahrenheit’s  thermometer.  When 
they  had  been  made  to  pafs  through  the  water,  ^ 
as  they  necefiTarily  muft  be  in  order  to  a  change 
of  air,  they  require,  and  will  bear  a  very  con- 
fiderable  degree  of  heat,  to  warm  and  dry 
them. 

I  found,  to  my  great  furprize,  in  the  courfc 
of  thefc  experiments,  that  mice  will  live  intirely 
without  water ;  for  though  I  have  kept  them 
for  three  or  four  months,  and  have  offered  them 
water  feyeral  times,  they  would  never  tafte  it; 

and 
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?ind  yet  they  continued  in  perfedt  health  and  vi¬ 
gour.  Two  or  three  of  them  will  live  very 
peaceably  together  in  the  fame  veflel ;  though 
I  had  one  inftance  of  a  moufe  tearing  another 
almoft  in  pieces,  and  when  there  was  plenty  of., 
provifions  for  both  of  them. 

In  the  fame  manner  in  which  a  moiife  is  put 
into  a  veffel  of  any  kind  of  air,  a  plants  or  any 
thing  elfe,  may  be  put  into  it,  viz.  by  pafling 
it  through  the  water ;  and  if  the  plant  be  of  a 
kind  that  will  grow  in  water  only,  there  will  be 
no  occafion  to  fet  it  in  a  pot  of  earth,  which . 
will  otherwife  be  neceflary, 

There  may  appear,'  at  firft  fight,  fome  dif¬ 
ficulty  in  opening  the  mouth  of  a  phial,  con¬ 
taining  any  fubftance,  folid  orjiquid,  to  which* 
water  muft  not  be  admitted,  in  a  jar  of  any 
kind  of  air,  which  is  an  operation  that  I  have 
fometimes  had  recourfe  to  ;  but  this  I  eafily  ef- 
fedt  by  means  of  a  cork  cut  tapering^  and  a  ftrong 
wire  thruil  through  it,  as  in  fig.  4,  for  in  this 
form  it  will  fufficiently  fit  the  mouth  of  any 
phial,  and  by  holding  the  phial  in  one  hand, 
and  the  wire  in  the  other,  and  plunging  both 
my  hands  into  the  trough  of  water,  I  can  eafily 
convey  the  phial  through  the  water  into  the  jar; 
which  mtifi:  cither  be  held  by  an  afliftant,  or  be 
faftened  by  firings,  with  its  mouth  projedting 

over 
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over  the  fhelf.  When  the  phial  is  thus  con¬ 
veyed  into  the  jar,  the  cork  may  eafily  be  re¬ 
moved, ‘  and  may  alfo  be  put  into  it  again  at 
pleafure,  and  conveyed  the  fame  way  out 
ao^ain. 

When  any  thing,  as  a  gallipot,  &c.  is  to  be 
fupported  at  a  conliderable  height  within  a  jar, 
it  is  convenient  to  have  fuch  wire  ftands  as  are 
reprefented  fig.  5.  They  anfwcr  better  than 
any  other,,  becaufe  they  take  up  but  little  room,- 
and  may  be  eafily  bended  to  any  lliape  or 
height. 

If  1  have  occafion  to  pour  air  from  a  vefiel 
with  a  wide  mouth  into  another  with  a  very  nar¬ 
row  one,  I  am  obliged  to  make  ufe  of  a  funnel, 
fig.  6,  but  by  this  means  the  operation  is  ex¬ 
ceedingly  eafy  ;  firfi;  filling  the  vefiel  into  which 
the  air  is  to  be  conveyed  with  water,  and  hold¬ 
ing  the  mouth  of  it,  together  with  the' funnel, 
both  under  water  with  one  hand,  while  the 
other  is  employed  in  pouring  the  air  ;  which, 
afeending  through  the  funnel  up  into  the  vcfifcl, 
makes  the  water  defeend,  and  takes  its  place. 
Thefe  funnels  are  befi:  made  of  glafs,  becaufe 
the  air  being  vifible  through  them,  the  quantity 
of  it  may  be  more  eafily  eftimated  by  the  eye. 

It 
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It  w  ill  be  convenient  to  have  feveral  of  thefe 
funnels  of  different  fizes. 

In  order  to  expel  air  from  folid  fubflances  by 
means  of  Iieat,  I  fomctlmes  put  them  into  a 
giin-harrel^  fig.  7,  and  fdling  it  up  with  dry 
fand,  that  has  been  wxll  burned,  fo  that  no  air 
can  come 'from  it,  I  lute*to  the  open  end  the 
item  of  a  tobacco  pipe,  or  a  Imail  glafs  tubc^ 
Then  having  put  the  clofed-end  of  the  barrel, 
vdrich  contains  the  materials,  into  the  fire,  the 
generated  air,  ilTuing  through  the  tube,  may 
be  received  in  a  veiTel  of  quickfilver,  with 
its  mouth  inimcrfed  in  a  bafon  of  the  fame,  fuf- 
pended  ail  together  in  wires,  in  the  manner 
defcribcd  in  the  figure :  or  any  other  fluid 
fubftance  may  be  ufed  inftead  of  quickfilver,  ’ 

.  ' 

But  the  mofl:  accurate  method  of  procuring, 
air  from  feveral  fubilances,  by  means  of  heat, 
is  to  put  them,  if  they  will  bear  it,  into  phials 
full  of  quickfilver,  with  the  mouths  immerfed. 
in  the  fame,  and  then  throw  the  focus  of  a' 
burning  mirror  upon  them.  For  this  purpofe" 
the  phials  fhould  be  madea^fith  their  ‘botton^i'^;*  ' 
round,  and  very  thin,  that  they  may  not’b6 
liable  to  break  wfith  a  pretty  fudden  applica-* 
tion  of  heat.  ^ 

If  4 
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If  1  want  to  expel  air  from  any  liquid,  1 
nearly  fill  a  phial  with  it,  and  having  a  cork 
perforated,  I  put  through  it,  and  fecure  with 
cement,  a  glafs  tube,  bended  in  the  manner  re- 
prefented  at  e  fig.  i.  I  then  put  the  phial  into 
a  kettle  of  water,  which  I  let  upon  the  fire  and 
make  to  boil.  The  air  expelled  by  the  hear^ 
from  the  liquor  contained  in  the  phial,  ifiTuea 
through  the  tube,  and  is  received  in  the  bafon  of 
quickfilver,  fig.  7.  Inftead  of  this  fufpended 
bafon,  I  fometimes  content  myfelf  with  tying 
a  flaccid  bladder  to  the  end  of  the  tube,  in  both 
thefe  procefles,  that  it  may  receive  the  newly 
generated  air. 

In  experiments  on  thofe  kinds  of  air  which 
are  readily  imbibed  by  water,  I  always  make 
life  of  quickfilver,  in  the  manner  reprefented 
fig.  8,  in  which  a  is  the  balon  of  quickfilver,- 
h  a  glafs  vefiTel  containing  quickfilver,  with  its 
mouth  immerfed  in  it,  c  a  phial  eontain^ 
ing  the  ingredients  from  which  the  air  is  to  be 
produced;  and  ^  is  a  fmall  recipient^  or  glafs 
vcflel  defigned  to  receive  and  intercept  any  li¬ 
quor  that  may  be  difeharged  along  with  the  air, 
which  is  to  be  tranfmitted  free  from  any  moifture 
into  the  veffel  h.  If  there  be  no  apprehenfion 
of  moifture,  I  make  ufe  of  the  glafs  tube  only, 
without  any  recipient,  in  the  manner  reprefented 
#.fig.  I.  In  order  to  invert  the  veflel  I  firft 

fill 
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fill  k  with  qulckfilver,  and  then  carefully  cover 
the  mouth  of  it  with  a  piece  of  foft  leather;  after- 
which  it  may  be  turned  upfide  down  without 
any  danger  of  admitting  the  air,  and  the  leather 
maybe  withdrawn  when  it  is  plunged  in  the: 
quickfilver. 

In  order  to  generate  air  by  the  folution  of 
metals,  or  any  procefs  of  a  fimilar  liature,  i 
put  the  materials  into  a  phial,  prepared  in  the 
manner  reprefented  at  e  fig.  i>.  and  put  the 
end  of  the  glafs  tube  under  the  mouth  of  any 
veflel  into  which  I  want  to  convey  the  air.  If 
heat  be  necelTary  I  can  eafily  apply  it  to  a  can¬ 
dle,  or  a  red  hot  poker  while  it  hangs  in  thi§ 
pofition. 

When  I  have  occafion  to  transfer  air  from  a 
jar  (landing  in  the  trough  of  water  to  a  veflTel, 
(landing  in  quickfilver,  or  in  any  other  fituation 
whatever,  I  make  ufe  of  the  contrivance  repre- 
fented  fig.  9,  which  confifts  of  a  bladder,  fur- 
nilhed  at  one  end  with  a  fmall  glafs  tube  bended, 
and  at  the  other  with  a  cork,  perforated  fo  as. 
juft  to  admit  the  fmall  end  of  a  funnel,  Whea 
the  common  air  is  carefully  prefifed  out  of  this 
bladder,  and  the  funnel  is  thruft  tightly  into  the 
cork,  it  may  be  filled  with  any  kind  of  air  as. 
eafily  as  a  glafs  jar ;  and  then  a  firing  being 
tied  above  the  cork  in  which  the  funnel  is  in- 

ferted. 
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ferted,  and  the  orifice  in  the  other  cork  clofrd, 
•by  prcOing  the  bladder  againft  it,  it  may  be  car¬ 
ried  to  any  place,  and  if  the  tube  be  carefully 
wiped,  the  air  may  be  conveyed  quiteiree  from 
moiftiire  through  a  body  of  quickfilver,  or  any 
thing  elfe.  A  little  praftice  will  make  this  very 
ufeful  manoeuvre  perfedly  eafy  and  accurate. 

In  order  to  impregnate  fluids  with  any  kind 
of  air,  as.  water  with  fixed  air,  I  fill  a  phial  with 
the  fluid  larger  or  Icfsjis  I  have  occafion  (as  a 
figa  fo;)‘  and  then  inverting  it,  place  it  with 
its  mouth  downwards,  in  a  bowl  containing 
a  quantity  of  the  fame  fluid  ;  and  having  filled 
the  bladder,  fig.  9,-  with  the  air,  I  throw  as 
'much  of  it  as  I  think  proper  into  the  phial,  in 
the  manner  defcribed  above.  To  accelerate  the 
impregnation,  I  lay  my  hand  on  the  top  of  the 
phiak  ^nd  fnake  it  as  much  as  I  think  pro-- 
per.'  :  . 

If,  without  having  any  air  previoufly  gene¬ 
rated,  .  I  would  convey  it  into  the  fluid  imme¬ 
diately:  as  k  arifes  from  the  proper  materials, 

I  kcej;^  the  fame  bladder  in  connection  with  a 
phial  fig.;  I  c,  containing  the  fame  materials 
(as  chalk,  fait  of  tartar,  or  pearl  afnes  in  di-. 
luted  oil  of  vitriol,-  for  the  generation  of  fixed 
air)  and  taking  care  (lefl,  in  the  aCl  of  effer- 
vefcence,  any  of  the  materials  in  the  phial  c 
'  .  flrould  ' 
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Should  get  into  the  veffel  to  place  this  phial 
on  a  Hand  lower  than  that  on  which  the  bafon 
was  placed,  I  prefs  out  the  newly  generated  air, 
and  make  it  afeend  direftly  into  the  fluid.  For 
this  purpofe,  and  that  I  may  more  conveniently 
fliake  the  phial  c,  which  is  neceflary  in  fome 
procelfes,  efpecially  with  chalk  and  oil  of  vi¬ 
triol,  I  fdmetimes  make  ufe  of  a  flexible  lea¬ 
thern  tube  and  fometimes  only  a  glafs  tube. 
For  if  the  bladder  be  of  a  fufficient  length, 
it  will  give  room  for  the  agitation  of  the  phial; 
or  if  not,  it  is  eafy  to  connedt  two  bladders 
together  by  means  of  a  perforated  cork,  to' 
which  they  may  both  be  faitened* 

\V  hen  I  want  to  try  whether  any  kind  of  air 
will  admit  a  candle  to  burn  in  it,  I  make  ufe 
of  a  cylindrical  glafs  veffel,  flg.  ii.  and  a  bit 
of  wax  candle  ^fig.  12,  faflened  to  the ^  end  of 
a  wire  and  turned  up,  in  fuch  a  manner  as 
'  to  be  let  down  into  the  veffel  with  the  flame 
upwards.  The  veffel  fhould  be  kept  carefully 
covered  till  the  moment  that  the  candle  is  ad¬ 
mitted.  In  this  manner  I  have  frequently  ex- 
tinguifhed  a  candle  more  than  twenty  times 
fucceflively,  .in  a  veffeLof  this  kind,  though  it 
is  impofiible  to  dip  the  candle  into  it  without 
giving  the  external  air  an  opportunity  of  mix- 
ino-  with  the  air  in  the  infide  more  or  lefs. 

O 

The  candle'  r,  at  the  other  end  gf  the  wire  is 

C  '  very 
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very  convenient  for  holding  under  ajar  Hand¬ 
ing  in  water,  in  order  to  burn  as  long  as  the 
inclofed  air  can  fupply  it ;  for  the  moment  that 
it  is  extinguifhed/  it  may  be  drawn  through 
the  water  before  any  fmoke  can  Have  mixed 
with  the  air. 

In  order  to  draw  air  out  of  a  veffel  which 
has  its  mouth  immerfed  in  water,  and  thereby 
to  raife  the  water  to  whatever  height  may  be 
neceffary,  it  is  very  convenient  to  make  ufe 
of  aglafs  fyphon^  fig.  13,  putting  one  of  the 
legs  up  into  the  vefTel,  and  drawing  the  air  out 
at  the  other  end  by  the  mouth.  If  the  air  be-^ 
of  a  noxious  quality,  it  may  be  necelTary  to 
have  a  fyringe  faftened  to  the  fyphon,  the  man¬ 
ner  of  which  needs  no  explanation.  I  have 
not  thought  it  fafe  to  depend  upon  a  valve  at 
the  top  of  the  vefTel,  which  Dr.  Hales  fome- 
times  made  ufe  of. 

If,  hov/ever,  a  very  fmall  hole  be  made  at 
the  top  of  a  glafs  vefTel,  it  may  be  filled  to 
any  height  by  holding  it  under  water,'  while 
the  air  is  ifTuing  out  at  the  hole,  which  may 
then  be  clofed  with  wax  or  cement. 

If  the  generated  air  will  neither  be  abforbed 
by  water,  nor  diminifh  common  air,  it  may  be 
convenient  to  put  part  of  the  materials  into  a 
cup,  fupported  by  a  ftand;^  and  the  other  part 

into 
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into  a  fmall  glafs  velTcl,  placed  on  the  edge  of 
it,  as  at /,  fig.  i.  Then  having,  by  means  of  a 
fyphon,  drawn  the  air  to  a  convenient  height, 
the  fmall  glafs  veffel  may  be  eafily  pulhed  into 
the  Clip,  by  a  wire  introduced  through  the  wa¬ 
ter  or  it  may  be  contrived,  in  a  variety  of 
ways,  only  to  difcharge  the  contents  of  the 
fmall  veffel  into  the  larger.  The  diftance  be¬ 
tween  the  boundary  of  air  and  water,  before  and 
after  the  operation,  will  fhew  the  quantity  of 
the  generated  air.  ,  The  eftedl  of  proceffes  that 
diminiJJo  air  may  alfo  be  tried  by  the  fame  ap¬ 
paratus. 

When  I  want  to  admit  a  particular  kind 
of  air  to  any  thing  tfiat  will  not  bear  wettingj 
and  yet  cannot  be  conveniently  put  into  a  phial^ 
and  efpecially  if  it  be  in  the  form  of  a  powder, 
and  mufl;  be  placed  upon  a  ftand  (as  in  thofe 
experiments  in  which  the  focus  of  a  burning> 
mirror  is  to  be  thrown  upon  it)  I  firfl  exhauft 
a  receiver,  in  which  it  is  previoufly  placed ; 
and  having  a  glafs  tube,  bended  for  the  pur- 
pofe,  as  in  fig.  14,  I  ferew  it  to  the  ftem  of  a 
transfer  of  the  air  pump  on  which  the  receiver 
had  been  exhaufled,  and  introducing  it  through 
the  water  into  a  jar  of  that  kind  of  air  with 
which  I  wmuld  fill  the  receiver,  I  only  turn 
the  cock,  and  I  gain  my  purpofe.  In  this 
method,  however,  unlefs  the  pump  be  very 
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good>  and  fcveral  contrivances^  too  minute  to 
be  particularly  deferibed,  be  made  ufe  of  a 
good  deal  of  common  air  will  get  into  the  re¬ 
ceiver. 

When  I  want  to  meafure  the  goodnefs  of 
any  kind  of  air,  I  put  two  meafures  of  it  into 
a  jar  ftanding  in  water  ;  and  when  I  have 
marked  upon  the  glafs  the  exadt  place  of  the 
boundary  of  air  and  water,  I  put  to  it  one 
meafure  of  nitrous  air ;  and  after  waiting  a 
proper  time,  note  the  quantity  of  its  dimi¬ 
nution.'  If  I  be  comparing  two  kinds  of  air 
that  are  nearly  alike,  after  mixing  them  in  a 
large  jar,  I- transfer  the  mixture  into  a  long 
glafs  tube,  by  which  I  can  lengthen  my  fcale 
to  what  degree  I  pleafe. 

If  the  quantity  of  the  air,  the  goodnefs  of 
which  I  want  to  afeertain,  be  exceedingly 
foall,  fo  as  to  be  contained  in  a  part  of  a  glafs 
tube,  out  of  which  water  will  not  run  fpon- 
taneoudy,  as  fig.  15;  I  firfi:  meafure  with  a 
pair  of  compaffes  the  length  of  the  column 
of  air  in  the  tube,  the  remaining  part  being 
filled  with  water,  and  lay  it  down  upon  a 
fcale  i  and  then,  thrufiing  a  wire  of  a  proper 
thicknefs,  into  the  tube,  I  contrive,  by 
means  of  a  thin  plate  of  iron,  bent  to  a  fharp 
Cp  to  draw  it  out  again^  when  the  whole 

of 
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o£  this  little  apparatus  has  been  introduced 
through  the  water  into  a  jar  of  nitrous  air; 
and  the  wire  being  drawn  out,  the  air  from  the 
jar  mufl  fupply  its  place.  I  then  meafure 
the  length  of  this  column  of  nitrous  air  which 
I  have  got  into  the  tube,  and  lay  it  alfo  down 
upon  the  fcale,  fo  as  to  know  the  exait  length 
of  both  the  columns.  After  this,  holding  the 
tube  under  water,  with  a  fmall  wire  I  force  the 
two  feparate  columns  of  air  into  contadtj  and 
when  they  have  been  a  lufHcient  time  together, 
I  meaf  ure  the  length  of  the  whole,  and  com¬ 
pare  it  with  the  length  of  both  the  columns 
taken  before.  A  little  experience  will  teach 
the  operator  how  far  to  thruft  the  wire  into 
the  tube,  in  order  to  admit  as  much  air  as  he 
wants  and  no  more.  , 


In  order  to  take  the  eledlric  fpark  in  a  quan¬ 
tity  of  any  kind  of  air,  which  mult  be  very 
fmall,  to  produce  a  fenlible  effed:  upon  it,  in 
a  fhort  time,  by  means  of  a  common  machine, 
I  put  a  piece  of  wire  into  the  end  of  a  fmall 
tube,  and  faften  it  with  hot  cement,  as  in  fig. 
16;  and  having  got  the  air  I  want  into  the 
tube  by  means  of  the  apparatus  fig.  I 
place  it  inverted  in  a  bafon  containing  either 
quickfilver,  or  any  other  fluid  fubftarice  by 
which  I  chufe  to  have  the  air  confined.  I  then, 
by  the  help  of  the  air  pump,  drive  out  as  much 
of  the  air  as  I  think  convenient,  admitting  the 
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quickfilver,  &c.  to  it,  as  at  and  putting  a 
brafs  ball  on  the  end  of  the  wire,  I  take  the 
fparks  or  Ihocks  upon  it,  and  thereby  tranfmit 
.  them  through  the  air  to  the  liqijor  in  the  tube^ 

To  take  the  eledlric  fparks  in  any  kind  of 
fluid,  as  oil,  &c.  I  ufe  the  fame  apparatus  de- 
fcribed  above,  and  haying  poured  into  the  tube 
as  much  of  the  fluid  as  I  conjefturc  I  can  make 
the  eledric  fpark  pafs  through,  I  fill  the  reft 
with  quicklilver ;  and  placing  it  inverted  in  a 

bafon  of  quickfilver,  I  take  the  fparks  as  before, 
^  { 

If  air  be  generated  very  faft  by  this  procefs, 
I  ufe  a  tube  that  is  narrow  at  the  toj^,  and  grows 
wider  below,  as  fig,  17,  that  the  quickfilver 
may  not  recede  too  foon  beyond  the  linking 
diftance. 

Sometimes  I  have  ufed  a  different  apparatus 
for  this  purpofe,  reprefented  fig.  18.  Taking  a 
pretty  wide  glafs  -tube,  hermetically  fealed  at 
the  upper-end,  and  open  below,  at  about  an 
inch,  or  at  what  diftance  I  think  convenient 
from  the  top,  I  get  two  holes  made  in  it,  oppofite 
to  each  other.  Through  thefe  I  put  two  wires, 
and  faftening  them  with  warm  cement,  I  fix 
them  at  what  diftance  I  pleafe  from  each  other. 
Between  thefe  wires  I  take  the  fparks,  and 
the  bubbles  of  air  rife,  as  they  are  formed,  to 

;he  top  of  the  tube. 
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PART  I. 


Experimnts  and  Ohfervatims  made  in^  and  be¬ 
fore  the  year  1772. 


IN  writing  upon  the  fubje6l  of  different  kinds  of 
air,  I  find  myfelf  at  a  lofs  for  proper  terms, 
by  which  to  diftinguifli  them,  thofe  which 
have  hitherto  obtained  being  by  no  means  fuffi- 
ciently  charadferiftib,  or  diflinbt.  The  only  terms 
in  common  ufe  are,  fined  air,  mephitic,  and  in¬ 
flammable,  The  laft,  indeed,  fufFiciently  cha- 
radlerizes  and  diflinguifhes  that  kind  of  air 
which  takes  fire,  and  explodes  on  the  approach 
of  flame ;  but  it  might  have  been  termed  fixed 
with  as  much  propriety  as  that  to  which  Dr. 
Black  and  others  have  given  that  denomination,  . 
fmee  it  is  originally  part  of  fome  folid  fubftance, 
and  exifls  in  an  unelaftic  ftate, 
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All  thefe  newly  difcovered  kinds  of  air 
may  alfo  be  called  fa^iitious-,  and  if,  with 
others,  wc  nfe  the  term  fixable^  it  is  flill  obvious 
to  remark,  that  it -is  applicable  to  them  all; 
fince  they  are  all  capable  of  being  imbibed  by 
fome  fubftance  or  other,  and  confequently  of 
being  in  them,  after  they  have  been  in  an 
elaftic  ftate. 

I 

\ 

The  term  mephitic  is  equally  applicable 
to  what  is  called  fixed  air^  to  that  which  is  in- 
fianwialky  and  to  many  other  kinds;  fince  they 
arc  equally  noxious,  when  breathed  by  animals. 
Rather,  however,  than  either  introduce  new 
terms,  or  change  the  fignification  of  old  ones, 
I  fhall  ufe  the  term  fixed  air^  in  the  fenfe  in 
which  it  is  now  commonly  ufed,  and  difiinguifh 
the  other  kinds  by  their  properties,  or  fome 
other  periphrafis.  I  lhall  be  under  a  necclfitt^, 
however,  of  giving  names  to  thofe  kinds  of 
air,  to  which  no  names  has  been  given  by 

tilers^  as  nitrous^  acid^  and  alkaline^ 

\ 
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•  V'  ' 

Of  Fjxed  Air. 

-  It  was  In  confeqyence  of  living  for  fomc 
time  in  the  neighbourhood  of  a  public  brewery, 
that  I  was  induced  to  make  experiments  on 
fixed  air,  of  which  there  is  always  a  large  body, 
teady  formed,  upon  the  furface  of  the  ferment¬ 
ing  liquor,  generally  about  nine  inches,  or  a  foot  ‘ 
in  depth,  within  which  any  kind  of  fubftance 
may  be  very  conveniently  placed-;  and  though, 
in  thefe  circumftances,  the  fixed  air  muft  be  con¬ 
tinually  mixing  with  the  common  air,  and  is 
therefore  far  from  being  perfectly  pure,  yet 
there  is  a  conflant  frefh  fupply  from  the  fer* 
menting  liquor,  and  it  is  pure  enough  for  many 
purpofes. 

A  perfon,  who  is  quite  a  ftranger  to  the  pro¬ 
perties  of  this  kind  of  air,  would  be  agreeably 
amufed  with  extinguifhing  lighted  candles,  or 
chips  of  wood  in  it,  as  it  lies  upon  the  furface 
of  the  fermenting  liquor ;  for '  the  fmoke  rea¬ 
dily  unites  with  this  kind  of  air,  probably  by 
means  of  the  water  which  it  contains  ;  fo  that 
very  little  or  none  of  the  fmoke  will  efcape  into 
the  open  air,  which  is  incumbent  upon  it.  It 
is  remarkable,  that  the  upper  furface  of  this 

fmoke 
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fmoke,  floating  in  the  fixed  air,  is  fmooth,  and 
well  defined  ;  whereas  the  lower  furface  is  ex¬ 
ceedingly  ragged,  fevcral  parts  hanging  down  to 
a  confiderable  diftance  within  the  body  of  the 
fixed  air,  and  fometimes  in  the  form  of  balls, 
connedled  to  the  upper  firatum  by  llender 
threads,  as  if  they  were  fufpended.  The  fmoke 
is  alfo  apt  to  form  itfelf  into  broad  flakes,  pa¬ 
rallel  to  the  furface  of  the  liquor,  and  at  diffe¬ 
rent  diftances  from  it,  exadly  like  clouds. 
Thefe  appearances  will  fometimes  continue  a- 
bove  an  hour,  with  very  little  variation.  When 
this  fixed  air  is  very  flrong,  the  fmoke  of  a 
fmall  quantity  of  gunpowder  fired  in  it  will  be 
wholly  retained  by  it,  no  part  efcaping  into  the 
common  air. 

Making  an  agitation  in  this  air,  the  furface 
of  it,  (which  flill  continues  to  be  exadtly  de¬ 
fined)  is  thrown  into  the  form  of  waves,  which 
it  is  very  amufing  to  look  upon  ;  and  if,  by 
this  agitation,  any  of  the  fixed  air  be  thrown 
over  the  fide  of  the  vefiel,  the  fmoke,  which 
is  mixed  with  it,  will  fall  to  the  ground,  as  if 
it  was  fo  much  water,  the  fixed  air  being 
heavier  than  common  air. 

The  red  part  of  burning  wood  was  extin- 
guiflied  in  this  air,  but  I  could  not  perceive  that 
&  red-hot  poker  was  fooner  cooled  in  it. 
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Fixed  air  does  not  inflaiuly  mix  with  com¬ 
mon  air.  Indeed  if  it  did,  it  could  not  be 
caught  upon  the  furface  of  the  fermenting  li- 
/quor.  A  candle  put  under  a  large  receiver, 
and  immediately  plunged  very  deep  below  the 
(lirface  of  the  fixed  air,  will  burn  fome  time; 
J3ut  veflcls  with  the  fmallefi;  orifices,  hanging 
with  their  mouths  downv/ards  in  the  fixed  air,  will 
in  time  have  the  common  air,  which  they  contain, 
perfectly  mixed  with  it.  When  the  fermenting 
liquor  is  contained  in  vefieis  clofe  covered  up, 
the  fixed  air,  on  removing  the  cover,  readily 
affedis  the  common  airwhich  is  contiguous  to  it; 
fo  that,  candles  held  at  a  confiderable  diftance 
above  the  furface  will  inilantly  go  out.  I  have 
}^een  told  by  the  workmen,  that  this  will  fome-, 
times  be  the  cafe,  when  the  candles  are  held 
two  feet  above  tl^  mouth  of  the  veffek 

Fixed  air  unites  with  the  fmoke  of  rofin,  ful- 
phur,  and  other  ele<5lrical  fubftances,  as  well 
as  with  the  vapour  of  water ;  and  yet,  by  hold¬ 
ing  the  wire  of  a  charged  phial  among  thefe 
fumes,  I  could  not  make  any  electrical  atmof- 
phere,  which  fnrprized  me  a  good  deal,  as 
there  was  a  large  body  of  this  fmoke,  and  it 
was  fo  confined,  that  it  could  not  efcape  me, 

I  alfo  held  fome  oil  of  vitriol  in  a  glafs  vcf- 
|el  within  the  fixed  air,  and  by  plunging  a 
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piece  of  red-hot  glafs  into  It,  raifed  a  copious 
and  thick  fume.  This  floated  upon  the  furfacc 
of  the  fixed  air  like  other  fumes,  and  continued 
as  long. 

Confidering  the  near  affinity  between  water 
and  fixed  air,  I  concluded  that  if  a  quantity  of 
water  was  placed  near  theyeafl:  of  the  fermenting 
liquor,  it  could  not  fail  to  imbibe  that  air,  and 
thereby  acquire  the  principal  properties  of  Pyr- 
mont,  and  fome’other  medicinal  mineral  waters. 
Accordingly,  I  found,  that  when  the  furface  of 
the  water- was  confiderable,  it  always  acquired 
the  pleafant  acidulous  tafte  that  Pyrmont  water 
has.  The  readied:  way  of  impregnating  water 
with  this  virtue,  in  thefe  circumllances,  is  to 
take  two  veffels,  and  to  keep  pouring  the  wa¬ 
ter  from  one  into  the  other,  when  they  are  both 
of  them  held  as  near  the  yeaft  as  poffible  ;  for 
by  this  means  a  great  quantity  of  furface  is  ex- 
pofed  to  the  air,  ■  and  the  furface  is  alfo  conti¬ 
nually  changing.  In  this  manner,  I  have  fome- 
times,  in  the  fpace  of  two  or  three  minutes, 
made  a  glafs  of  exceedingly  pleafant  fparkling 
water,  which  could  hardly  be  difiinguifiied 
from  very  good  Pyrmont,  or  rather  Seltzer 
water. 

But  the  mojl  efe^iial  way  of  impregnating 
water  with  fixed  air  is  to  put  the  veffels  which 
contain  the  water  into  glafs  jars,  filled  with  the 
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purcfl  fixed  air  made  by  the  folution  of  chalk 
in  diluted  oil  of  vitriol,  {landing  in  quickfilver. 
In  this  manner  I  have,  in  about  two  days,  made 
a  quantity  of  water  to  imbibe  more  than  an 
equal  bulk  of  fixed  air,  fo  that,  according  td 
Dr.  Brownrigg’s  experiments,  it  miiil  have  been 
much  ftronger  than  the  bell  imported  Pyrmont; 
for  though  he  made  his  experiments  at  the 
fpring-head,  he  never  found  that  it  contained 
quite  fo  much  as  half  its  bulk  of  this  air.  If  a 
fufficient  quantity  of  quickfilver  cannot  be  pro¬ 
cured,  oil  may  be  ufed  with  fufficient  advantage, 
for  this  purpofe,  as  it  imbibes  the  fixed  air  very 
flowly.  Fixed  air  may  be  kept  in  vefiTels  {land¬ 
ing  in  water  for  a  long  time,  if  they  be  fepa- 
rated  by  a  partition  of  oil,  about  half  an  inch 
thick.  Pyrmont  water  made  in  thefe  circum- 
flances,  is  little  or  nothing  inferior  to  that 
which  has  flood  in  quickfilver* 

The  readiejl  method  of  preparing  this  water 
for  ufe  is  to  agitate  it  flrongly  with  a  large 
furface  expofed  to  the  fixed  air.  By  this  means 
more  than  an  equal  bulk  of  air  may  be  com¬ 
municated  to  a  large  quantity  of  water  in  the 
fpace  of  a  few  minutes.  But  fince  agitation 
prornotes  the  diflipation  of  fixed  air  from  wa¬ 
ter,  it  cannot  be  made  to  imbibe  fo  great  a 
quantity  in  this  method  as  in  the  former, 
where  more  time  is  taken, 

Eafy 
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'  ’  Eafy  dirc6l;ions  for  impregnating  water  witfi 
fixed  air  I  have  publifbed  in  a  fmall  pamphlet^ 
defigned  originally  for  the  ufe  of  feamen  in 
long  voyages,  on  the  prefumption  that  it  might 
be  of  ufe.  for  preventing  or  curing  the  fea 
feurvy,  equally  v/ith  wortj  which  was  recom¬ 
mended  by  Div  Macbride  for  this  purpofe,  oil 
no  other  account  than  its  property  of  genera¬ 
ting'  fixed  air,  by  its  fermentation  in  the  fto- 
mach.* 

Water  thus  impregnated  with  fixed  air  rea- 
'  dily  difiblves  iron,  as  Mr.  Lane  has  difeoveredj 
fo  that  if  a  quantity  of  iron  filings  be  put  to 
it,  it  prefently  becomes  a  firong  chalybeate^ 
and  of  themildeft  and  moil  agreeable  kind. 

•  >  r 

I  have  recommended  the  ufe  of  chalk  and 
oil  of  vitriol  as  the  cheapeld,  and,  upon  the 
whole,  the  beft  materials  for  this  purpofe.  But 
feme  perfons  prefer  pearl  ajhes^  pounded  mar¬ 
ble,  or  other  calcareous  or  alkaline  fuhjlances^ 
and  perhaps  with  reafon.  My  own  experience 
has  not  been  fnfficient  to  enable  me  to  decide 
in  this  cafe. 

Whereas  fome  perfons  had  fufpefled  that  t 
quantity  of  the  oil  of  vitriol  was  rendered  vo¬ 
latile  by  this  procefs,  I  examined  it,  by  all  the 
chemical  mstliods  that  in  ufe ;  but  could 
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not  find  that  water  thus  impregnated  contained 
the  leafl;  perceivable  quantity  of  that  acid. 

Mr.  Hey,  indeed,  who  afiifted  me  in  this 
examination,  found  that  diftilled  water,  im¬ 
pregnated  v/ith  fixed  air,  did  not  mix  fo  readi¬ 
ly  with  foap  as  the  diftilled  water  itfelf*,  but 
this  was  alfo  the  cafe  v/licn  the  fixed  air  had 
paired  through  a  long  glafs  tube  filled  with  al¬ 
kaline  falts,  which,  it  may  befuppofed,  would 
have  imbibed  any  of  the'  oil  of  vitriol  thaC 
might  have  been  contained  in  that  air 

Fixed  air  itfelf  may  be  faid  to  be  of  the  na¬ 
ture  of  an  acid,  though  of  a  weak  and  pecu¬ 
liar  fort. - -Mr.  Bergman  of  Upfal,  who  ho¬ 

noured  me  with  a  letter  upon  the  fubjed:, 
calls  it  the  aerial  acidy  and,  among  other 
experiments  to  prove  it  to  be  an  acid,  he 
fays  that  it  changes  the  blue  juice  of  tournefolc 
into  red.  This  Mr.  Hey  found  to  be  true,  and 
he  moreover  difeovered  that  when  water  tinged 
blue  with  the  juice  of  tournefole,  and  then  red 
with  fixed  air,  has  been  expofed  to  the  open 
air,  it  recovers  its  blue  colour  again. 

The  heat  of  bo-lling  water  will  expel  all  the 
fixed  air,  if  a  phial  containing  the  impregnated 

I 

*  An  account  of  Mr,  Hey’s  experiments  witl  be  found 
in  the  Appendix  to  thefe  papers. 
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water  be  held  in  it  ;  but  it  will  often  require 
above  half  an  hour  to  do  it  completely. 

Dr*  Percival,  who  is  particularly  attentive 
to  every  improvement  in  the  medical  art,'  arid 
who  has  thought  fo  well  of  this  impregnation 
as  to  preferibe  it  in  fcveral  cafes,  informs  me 
that  it  feems  to  be  much  ftronger,  and  fparkles 
more,'  like  .the  true  Pyrmont  water,  after  it 
has  been  kept  fome  time.  This  circumftance, 
however,  Ihev/s  that,  in  time,  the  fixed  air  is 
more  eafily  difengaged  from  the  water  *,  and 
though,  in  this  ftate,  it  may  affedb  the  tafle 
more  febfibly,  it  cannot  be  of  fo  much  ufe 
in  the  flomach  and  bowels,  as  when  the  air  is 
more  firmly  retained  by  the  water. 

$ 

By  the  procefs  defetibed  in  my  pamphlet^ 
fixed  air  may  be  readily  incorporated  with  wine, 
beer,  and  almoil  any  other  liquor  whatever  • 
and  when  beer,'  wine,  or  cyder,  is  become 
flat  or  dead  (which  is  the  confeq.uence  of  the 
efcape  of  the'  fixed  air  they  contained)  they 
may  be  revived  by  this  means ;  biit  the  deli¬ 
cate  and  agreeable  flavour,  or  acidulous  tafte, 
communicated  by  fixed  air,  and  which  is  very 
manifeil  in  water,  can  hardly  be  perceived  in 
wine,  or  any  liquors  which  have  much  tafle 
of  their  own. 
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I  fhould  think  that  there  can  be  no  doubt, 
but  that  water  thus  impregnated  with  fixed  air 
mull  have  all  the  medicinal  virtues  of  genuine 
Pyrmont  or  Seltzer  water;  fincc  thele  depend 
upon  the  fixed  air  they  contain.  If  the  genuine 
Pyrmont  water  derives  any  advantage  from  its 
being  a  natural  chalybeate,  this  may  alfo  be 
obtained  by  providing  a  common  chalybeate 
water,  and  ufing  it  in  thefe  procelfes,  inftead 
of  common  water. 

Having  fucceeded  fo  well  with  this  artificial 
Pyrmont  water,  I  imagined  that  it  might  be 
polTible  to  give  ice  the  fame  virtue,  efpecially 
as  cold  is  known  to  promote  the  abforption  of 
fixed  air  by  water  ;  but  in  this  I  found  myfelf 
quite  miilaken.  I  put  feveral  pieces  of  ice  into 
a  quantity  of  fixed  air,  confined  by  quickfilver, 
but  no  part  of  the  air  was  abforbed  in  two  days 
and  two  nights  *,  but  upon  bringing  it  into*  a 
place  where  the  ice  melted,  the  air  w^as  abforb¬ 
ed  as  ufual. 

f 

I  then  took  a  quantity  of  flrong  artificial 
Pyrmont  water,  and  putting  it  into, a  thin  glafs 
phial,  I  fet  it  in  a  pot  that  was  filled  with  fnow 
and  fait.  This  mixture  inflantly-  freezing  the 
water  that  was  contiguous  to  the  fides  of  the 
glafs,  the  air  was  difeharged  •  plentifully,  fo 
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that  I  catched  a  confiderable  quantity,  in  a 
bladder  tied  to  the  mouth  of  the  phial. 

I  alfo  took  two  quantities  of  the  fame  Pyr- 
mont  water,  and 'placed  one  of  them  where  it 
might  freeze,  keeping  the  other  in  a  cold  place, 
but  where  it  would  not  freeze.  This  retained 
its  acidulous  tafle,  though  the  phial  which 
contained  it  was  not  corked  ;  w^hereas  the  other 
being  brought  into  the  fame  place,  where  the 
ice  melted  very  flowly,  had  at  the  fame  time 
the  tafle  of  common  water  only.  That  quan¬ 
tity  of  water  which  had  been  frozen  by  the 
mixture  of  fnow  and  fait,  was  almoil  as  much 
like  In ov/ as' ice,  fuch  a  quantity  of  air-bub¬ 
bles  w^ere  contained  in  it,  by  which  it  w^as  pro- 
digioufly  increafed  in  bulk. 

The  preffure  of  the  atmofphere  affifts  very 
confiderably  in  keeping  fixed  air  confined  in 
water  ;  for  in  an  exhauiled  receiver,  Pyrmont 
water  will  abfolutely  boil,  by  the  copious  dif- 
charge  of  its  air.  This  is  alfo  the  reafon  why 
beer  and  ale  froth  fo  much  in  vacuo,  I  do  not 
doubt,  therefore,  but  that,  by  the  help  of  a 
condenfing  engine,  water  might  be  much  more 
highly  impregnated  with  the  virtues  of  the 
Pyrmont  fpring  •,  and  it  would  not  be  difficult 
to  contrive  a  method  of  doing  it. 
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The  manner  in  which  I  made  feveral  expe¬ 
riments  to  afcertain  the  abforption  of  fixed  air 
hy  different  fluid  fubflances,  was  to  put  the  li¬ 
quid  into  a  difh,  and  holding  it  within  the< 
body  of  the  fixed  air  at  the  brewery,  to  fee  a 
glafs  veffel  into  it,  with  its  mouth  inverted. 
T.his  glafs  being  neccffarily  filled  with  the  fixed 
•  '  air,  the  liquor  would  rife  into  it  when  they 

were  both  taken  into  the  common  air,  if  the 
fixed  air  was  abforbed  at  all. 

Making  ufe  of  ether  in  this  manner,  there 
was  a  conffant  bubbling  from  under  the  glafs, 
occahoned  by  this  fluid  eafily  riling  in  vapour, 
fo  that  I  could  not,  in  this  method,  determine 
whether  it  imbibed  the  air  or  not.  I  concluded 
however,  that  they  did  incorporate,  from  a 
very  difagreeable  circumftance,  which  made  me 
defifl  from  making  any  more  experiments  of 
the  kind.  For  all  the  beer,  over  which  this 
experiment  was  made,  contradled  a  peculiar 
tafle  ;  the  fixed  air  impregnated  with  the  ether ' 
being,  I  fn])p’ofe,  again  abforbed  by  the  beer. 
I  have  alfo  obferved,  that  water  which  remain¬ 
ed  a  long  time  wdthin  this  air  has  fometimes 
acquired  a  very  difagreeable  tafle.  At  one 
time  it  was  like  tar- water.  How  this  was  ac¬ 
quired,  I  was  very  defirous  of  making  fome 
experiments  to  afcertain,  but  I  was  difeouraged 
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by  the  fear  of  injuring  the  fermenting  liquor^ 
It  could  not  come  from  the  fixed  air  only. 

Infe<fl:s.  and  animals  which  breathe  very  little 
are  flifled  in  fixed  air,  but  are  not  foon  quite 
killed  in  it.  Eutterfiies  and  flies  of  other 
kinds  v/ill  generally  become  torpid,  and  feem-* 
ingly  de,ad,  after  being  held  a  few  minutes  over 
the  fermenting  liquor  ;  but  they  revive  again 
after  being  brought  into  the  frefli  air.  But 
there  are  very  great  varieties  with  refpe(fl:  to 
the  time  in  which  different  kinds  of  flies  will 
either  become  torpid  in  the  fixed  air,  or  die 
in  it.  A  large  ftrong  frog  was  much  fwelled, 
and  feemed  to  be  nearly  dead,  after  being  held 
about  fix  minutes  over  the  fermenting  liquor  i 
but  it  recovered  upon  being  brought  into  the 
common  air*  A  fnail  treated  in  the  fame  man* 
ner  died  prefently. , 

Fixed  air  is  prefently  fatal  to  vegetable  life. 
At  lead  fprigs  of  mint  growing  in  water,  and 
placed  over  the  fermenting  liquor,  will  often 
become  quite  dead  in  one  day,  or  even  in  a 
lefs.fpace  of  time ;  nor  do  they  recover  when 
they  are  afterwards  brought  into  the  common 
air.  I  am  told,  however,  that  fome  other 
plants  are  much  more  hardy  in  this  refpedt. 
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A  red  rofe,  frefh  gathered,  loft  its  rednefs, 
and  became  of  a  purple  colour,  after  being 
held  over  the  fermenting  liquor  about  twenty- 
four  hours  ;  but  the  tips  of  each  leaf  were 
'much  more  affedled  than  the  reft  of  it.  Ano¬ 
ther  red  rofe  turned  perfedfly  white  in  this 
fituation  ;  but  various  other  flowers  of  diffe¬ 
rent  colours  were  very  little  affecfted.  Thefe 
experiments  were  not  repeated,  as  I  wifh  they 
might  be  done,  in  pure  fixed  air,  extraffed 
from  chalk  by  means  of  oil  of  vitriol. 

For  every  purpofe,  in  which  it  was  neceffary 
that  the  fixed  air  fliould  be  as  unmixed  as  pof- 
fible,  I  generally  made  it  by  pouring  oil  of  vi¬ 
triol  upon  chalk  and  water,  catching  it  in  a 
bladder  faftened  to  the  neck  of  the  phial  in 
>vhich  they  were  contained,  taking  care  to  prcfs 
put  all  the  common  air,  and  alfo  the  firft,  and 
fometimes  the  fecond,  produce  of  fixed  air ; 
and  alfo,  by  agitation,  making  it  as  quickly  as 
I  poffibly  could.  At  other  times,  I  made  it 
pafs  from  the  phial  in  which  it  was  generated 
through  a  glafs  tube,  without  the  intervention 
of  any  bladder,  which,  as  I  found  by  experi¬ 
ence,  will  not  long  make  a  fufficient  feparation 
between  feveral  kind^  of  air  and  common  air. 

I  had  once  thought  that  the  readieft  method 
of  procuring  fixed  air,  and  in  fufficient  purity, 
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would  be  by  the  fimple  procefs  of  burning 
chalk,  or  pounded  lime-ftone  in  a  gun-barrel, 
making  it  pafs  through  the  dem  of  a  tobacco- 
pipe,  or  a  glafs  tube  carefully  luted  to  the 
orifice  of  it.  In  this  manner  I  found  that  air 
is  produced  in  great  plenty ;  but,  upon  exam¬ 
ining  it,  I  found,  to  my  very  great  furprife, 
that  little  more  than  one  half  of  it  was  fixed 
air,  capable  of  being  abforbed  by  water  ;  and 
that  the  red  was  indammable,  fometimes  very 
weakly,  but  fometimes  pretty  highly  fo. 

I 

Whence  this  indammability  proceeds,  I  am 
not  able  to  determine,  the  lime  or  chalk  not 
being  fuppofed  to  contain  any  other  than  fixed 
air.  I  conjecture,  however,  that  it  mud  pro¬ 
ceed  from  the  iron,  and  the  feparation  of  it 
from  the  calx  may  be  promoted  by  that  fmall 
quantity  of  oil  of  vitriol,  which  I  am  informed 
is  contained  in  chalk,  if  not  in  lime-done  alfo. 

But  it  is  an  objection  to  this  hypothefis,  that 
the  inflammable  air  produced  in  this  manner 
burns  blue,  and  not  at  all  like  that  which  is  pro¬ 
duced  from  iron,  or  any  other  metal,  by  means 
of  an  acid.  It  alfo  has  not  the  fmell  of  that  kind 
of  inflammable  air  which  is  produced  from  mi¬ 
neral  fubdances.  Befidcs,  oil  of  vitriol  with¬ 
out  water,  will  not  dilTolve  iron ;  nor  can  in¬ 
flammable  air  be  got  from  it,  unlefs  the  acid  be 
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confiderably  diluted  ;  and  when  I  mixed  brim- 
ftone  with  the  chalk,  neither  the  quality  nor 
the  quantity  of  the  air  was  changed  by  it.  In¬ 
deed  no  air,  or  permanently  elaftic  vapour,  can 
be  got  from  brimflone,  or  any  oil. 

Perhaps  this  inflammable  principle  may 
come  from  fome  remains  of  the  animals,  from 
which  it  is  thought  that  all  calcareous  matter 
proceeds. 


In  the  method  in  which  I  generally  made  the 
fixed  air  (and  indeed  always,  unlefs  the  con¬ 
trary  be  particularly  mentioned,  viz,  by  diluted 
oil  of  vitriol  and  chalk)  I  found  by  experiment 
that  it  was  as  pure  as  Mr.  Cavendifh  made  it. 
For  after  it  had  pafied  through  a  large  body  of 
water  in  fmall  bubbles,  Pcili  iV  or  g-V  part  only 
was  not  abforbed  by  water.  In  order  to  try 
this  as  expeditioufly  as  polTible,  I  kept  pouring 
the  air  from  one  glafs  velTel  into  another,  im.- 
merfed  in  a  quantity  of  cold  water,  in  which 
manner  I  found  by  experience,  that  almofl;  any 
'  quantity  may  be  reduced  as  far  as  poffible  in  a 
very  Ihort  time.  But  the  mofi;  expeditious  me¬ 
thod  of  making  water  imbibe  any  kind  of  air, 
is  to  confine  it  in  a  jar*,  and  agitate  it  ftrongly,  in 
the  manner  deferibed  in  my  pamphlet  on  the 
impregnation  of  water  with  fixed  air,  and  re- 
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At  the  fame  time  that  I  was  trying  the  purity 
of  my  fixed  air,  I  had  the  curiofity  to  endeavour 
to  afcertain  whether  that  part  of  it  which  is  not 
mifcible  in  water,  be  equally  diffufed  through 
the  whole  mafs  *,  and,  for  this  purpofe,  I  di¬ 
vided  a  quantity  of  about  a  gallon  into  three 
parts,  the  firff  confiding  of  that  which  was  up- 
permoft,  and  the  lad  of  that  which  was '  the 
lowed,  contiguous  to  the  water  ;  but  all  thefe 
parts  were  reduced  in  about  an  equal  propor¬ 
tion,  by  palling  through  tlie  water,  fo  that  the 
whole  mafs  had  been  of  an  uniform  compo- 
fjtion.  This  I  have  alfo  found  to  be  the  cafe 
with  feveral  kinds  of  air,  which  will  not  pro¬ 
perly  incorporate. 

A  moufe  will  live  very  well,  though  a  can¬ 
dle  will  not  burn  in  the  refiduum  of  the  pured 
fixed  air  that  I  can  make  *,  and  I  once  made  a 
very  large  quantity  for  the  foie  purpofe  of  this 
experiment.  This,  therefore,  feems  to  be  one 
'indance  of  the  gencjration  of  genuine  common 
air,  though  vitiated  in  fome  degree.  It  isr  alfo 
another  proof  of  the  refiduum  of  fixed  air  being, 
in  part  at  lead,  "common  air,  that  it  becomes 
turbid,  and  is  diminifhed  by  the  mixture  of  ni¬ 
trous  air,  as  will  be  explained  hereafter. 

That  fixed  air  only  wants  fome  addition  to 
make  it,  permanent,  and  immifcible  with  water 
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If  not  in  all  rerpe6i:s,  common  air,  1  have  been 
led  to  conclude,  from  feveral  attepmts  which  I 
once  made  to  mix  it  with  air  in  which  a  quan¬ 
tity  of  iron  filings  and  brimdone,  made  into  a 
pafte  with  water,  had  flood ;  for,  in  feveral 
mixtures  of  this^  kind,  I  imagined  that  not 
much  more  than  half  of  the  fixed  air  could  be 
imbibed  by  water ;  but,  not  being  able  to  re¬ 
peat  the  experiment,  I  conclude  that  I  either 
deceived  myfelf  in  it,  or  that  I  overlooked 
fome  circumflance  on  which  the  fuccefs  of  it 
depended. 

Thefe  experiments,  however,  whether  they 
were  fallacious  or  otherwife,  induced  me  to  try 
whether  any  alteration  would  be  made  in  the 
conflitution  of  fixed  air,  by  this  mixture  of 
iron  filings  and  brimflone.  I  therefore  put  a 
mixture  of  this  kind  into  a  quantity  of  as  pure 
^  fixed  air  as  I  could  make,  and  confined  the 
whole  in  quickfilver,  left  the  water  fhould  ab- 
forb  it  before  the  effedls  of  the  mixture,  could 
take  place.  The  confequence  was,  that  the 
fixed  air  was  diminifhed,'  and  the  quickfilver 
rofe  in  the  veffel,  till  about  the  fifth  part  was 
occupied  by  it ;  and,  as  near  as  I  could  judge, 
the  procefs  went  on,  in  all  refpedts,  as  if  the 
air  in  the  infidc  had  been  common  air. 
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What  is  moft  remarkable,  in  the  rcfuit  of 
this  experiment,  is,  that  the  fixed  air,  into 
which  this  mixture  had  been  put,  and  which 
had  been  in  part  diminifhed  by  it,  was  in  part 
alfo  rendered  infoluble  in  water  by  this  means.  I 
made  this  experiment  four  times,  with  the 
greateft  care,  and  obferved,  that  in  two  of 
them  about  one  fixth,  and  in  the  other  two 
about  one  fourteenth,  of  the  original  quantity, 
was  fuch  as  could  not  be  abforbed  by  water, 
but  continued  permanently  elaflic.  Left  I 
Ibould  have  made  any  miftake  with  refpe61:  to 
the  purity  of  the  fixed  air,  the  laft  time  that  I 
made  the  experiment,  I  fet  part  of  the  fixed 
air,  which  I  made  ufe  of,  in  a  feparate  vefiel, 
and  found  it  to  be  exceedingly  pure,  fo  as  to 
be  almoft  wholly  abforbed  by  water  j  whereas 
the  other  part,  to  which  I  had-  put  the  mix¬ 
ture,  was  far  from  being  fo. 

f  - 

In  one  of  thefe  cafes,  in  which  fixed  air  was 
made  immifcibie'with  water, ^it  appeared  to  be  ' 
not  very  noxious  to  animals^'^  but  ^.in  af^ther 
cafe,  a  moufc  died  in  it  pretty  foc^^f  This 
ference  probably  arofefrom  mytJiavihgSfi^yer- 
tently  agitated  the  air  in  water  rather  more  in 
one  cafe  than  in  the  other. 

As  the  iron  is  reduced  to  a  calx  by  this  pro- 
cefs,  I  once  concluded,  that  it  is  phlogifton  that 
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iixed  air  wants,  to  make  it  common  air ;  and, 
for  any  thing  I  yet  know,  this  niaV  be  the  cafe, 
though  I  am  ignorant  of  the  method  of  com¬ 
bining  them;  and  when  I  calcined  a  quantity 
of  lead  in  fixed  air,  in  the  manner  which  will 
be  defcribed  hereafter,  it  did  not  feem  to  have 
been  lefs  foluble  in  water  than  it  was  before. 


SECTION  IL  , 

I 

Of  Air  in  which  a  Candle,  or  Brimstone,  has 

burned  out. 


'  It  is  well  known  that  flame  cannot  fubfift 
long  without  change  of  air,  fo  that  the  com¬ 
mon  air  is  neceflary  to  it,  except  in  the  cafe  of 
fubfiances,  into  the  compofition  of  which  nitre- 
enters  ,  for  thefe  will  burn  in  vacuo,  in  fixed  air, 

I 

and  even  under  water,  as  is  evident  in  fome 
rockets,'  which  are  made  for  this  purpofe.  The 

quantity  of  air  which  even  a  fmall  flame  re¬ 
quires  to  keep  it  burning  is  prodigious.  It  is 
generally  faid,  that  an  ordinary  candle  confunies, 
as  it  is  called,  about  a  gallon  in  a  minute. 
Confidering  this  amazing  confumption  of  air, 
by  fires  of  all  kinds,  volcanos,  &c.  it  becomes 
a  great  objedt  of  philofophical  inquiry,  to  af- 
certain  what  change  is  made  in  the  conftitution 

of  the  air  by  flame,  and  to  difeover  what  provi-  , 
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lion  there  is  in  nature  for  remedying  the  injury 
which  the  atmofphere  receives  by  this  means, 
'Some  of  the  following  experiments  will,  per^ 
haps,  be  thought  to  throw  light  upon  the  fubjedf. 

The  diminution  of  the  quantity  of  air  in 
which  a  candle,  or  brimflone,  has  burned  out, 
is  various ;  But  I  imagine  that,  at  a  medium, 
it  may  be  about  one  fifteenth,  or  one  fixteenth 
of  the  whole  ;  which  is  one  third  as  much  as  by 
animal  or  vegetable  fubftances  putrefying  in  it, 
by  the  calcination  of  metals,  or  by  any  of  the 
other  caufes  of  the  complete  diminution  of  air, 
which  will  be  mentioned  hereafter.)  ' 

I  have  fometimes  thought,  that  flame  difr 
pofes  the  common  air  to  depofit  the  fixed  air 
it  contains ;  for  if  any  limewvater  be  expofed 
to  it.  it  immediately  becomes  turbid.  This  is 
the. cafe,  when  Wax  candles,  -  tallow  candles, 
chips  of  wmod,  fpirit  of  wine,  ether,  and  every 
other  fubflance  which  I  have  yet  tried;  except 
brimflone,  is  burned  in  a  clofe  glafs  yeffel, 
flanding  in  lime-w^ater.  This  precipitation  of 
fixed  air  (if  this  be  the  cafe)  may  be  owing  to 
fomething  emitted  from  the  burning  bodies, 
which  has  a  ilronger  affinity  with  the  other  con- 
flituent  parts  of  the  atmofphere 

*  The  fuppo/ition,  mentioned  in  this  and  other  palTages 
of  the  firil  part  of  this  publication,  viz.  that  the  diminution 
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If  brimilone  be  burned  in  the  fame  circnm- 
itances,  the  lime  water  continues  tranfparent, 
but  ftilf there  may  have  been  the  fame  preci¬ 
pitation  of  the  fixed  part  of  the  air ;  but  that,- 
uniting  with  the  lime  and  the  vitriolic  acid,  it ' 
forms  a  felenetic  fait,  which  is  foluble  in  water. 
Having  evaporated  a  quantity  of  water  thus 
impregnated,  by  burning  brimftone  a  great 
number  of  times  over  it,  a  whitifh  powder  re¬ 
mained,  which  had  an  acid  tafle;  but  repeating 
the  experiment  with  a  quicker  evaporation,  the 
'  powder  had  no  acidity,  but  was  very  much  like 
chalk.  The  burning  of  brimftone  but  once 
over  a  quantity  of  lime-water,  will  affed:  it  in 
-fuch  a  manner,  that  breathing  into  it  will  not 
make  it  tiH-bid,*which  otherwife  it  always  pre- 
fentiy  does. 

Dr.  Hales  fuppofed,  that  by  burning  brim¬ 
ftone  repeatedly  in  the  fame  quantity  of  air,  the 
diminution  would  continue  without  end.  But 
this  I  have  frequently  tried,  and  net  found  to 
be  the  cafe.  Indeed,  when  the  ignition  has 
been  imperfed  in  the  firft  in'ftance,  a  fecond 
firing  of  the  fame  fubftance  will  increafe  the 
effed  of  the  firft,  &c.  but  this  progrefs  foon 
ceafes. 

ofcominon  clr,  by  this  and  other  procefTes  is,  in  part  at 
lead,  owing  to  che  precipitation  of  the  fixed  air  from  it, 
the  reader  will  find  confirmed  by  the  experiments  and  ob- 
fervations  in  the  fecond  part. 


In 
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In  many  cafes  of  the  diminution  of  air,  the 
cffeft  is  not  immediately  apparent,  even  when 
it  {lands  in  water  ;  for  fometimes  the  bulk  of 
air  will  not  be  much  reduced,  till  it  has  paffed 
feveral  times  through  a  quantity  of  water,  which 
has  thereby  a  better  opportunity  of  abforbing 
that  part  of  the  air,  which  had  not  been  per- 
fedlly  detatched  from  the  reft.  I  have  fome¬ 
times  found  a  verv  ^reat  redudlion  of  a  mafs  of 

J  CD 

air,  in  confequence  of  paffing  but  once  through 
cold  water.  If  the  air  has  flood  in  quickfilver, 
the  diminution  is  generally  inconfiderable,  till 
it  has  undergone  this  operation,  there  not  being 
any  fubflance  expofed  to  the  air  that  could 
abforb  any  part  of  it. 

I  could  not  find  any  confiderable  alteration 
in  the  fpecific  gravity  of  the  air,  in  which 
candles,  or  brimflone,  had  burned  out.  I  am 
fatisfied,  however,  that  it  is-  not  heavier  than 
common  air,  which  mud  have  been  manifefl, 
if  fo  great  a  diminution  of  the  quantity  had 
been  owing,  as  Dr.  Hales  and  others  fuppofed, 
to  the  elailicity  ^of  the  whole  mafs  being  im¬ 
paired.  After  making  feveral  trials  for  this 
purpofe,  I  concluded  that  air,  thus  diminilhed 
in  bulk,  is  rather  lighter  than  common  air, 
which  favours  the  fuppofition  of  the  fixed,  or 
heavier  part  of  the  common  air,  having  been 
precipitated. 
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An  animal  will  live  nearly,  if  not  quite  as 
long,  in  air  in  which  candles  have  burned  out,  . 
as  in  common  air.  This  fa6l  furprized  me  very 
greatly,  having  imagined  that  what  is  called 
the  confumption  of  air  by  flame,  or  refpiration, 
to  have  been  of  the  fame  nature,  and  in  the 
fame  degree;  but  I  have fince found,  that  this 
fadl  has  been  obferved  by  many  perfons,  and 
even  fo  early  as  by  Mr.  Boyle.  I  have  alfo 
obferved,  that  air,  iii  which  brimifone  has 
burned,  is  not  in  the  leafl  injurious  to  animals, 
•after  the  fumes,  which  at  firfl:  make  it  very 
cloudy,  have  intireiy  fubflded. 

I  mufl:,  in  this  place,  admonifli  my  reader 
not  10  conioxmd  hirning  of  hrimjione^ 

or  of  matches  (f.  c,  bits  of  vyood  dipped  in  it) 
and  the  burning  of  brimftone  with  a  burning 
,  mirror,  or  any  foreign  heat.  The  eflefl  of  the 
former  is  nothing  more  than  that  of  any  other 
'  flame^  or  ignited  vapour^  which  will  not  burn, 
unlefs  the  air  with  which  it  is  furrounded  be  in 
a  very  pure  flate,  and  which  is  therefore  ex- 
tinguifhed  wdien  the  air  begins  to  be  much 
vitiated.  Lighted  brimftone,  therefore  reduces 
the  air  to  the  fame  flate  as  lighted  wood.  But 
the  focus  of  a  burning  mirror  thrown  for  a  fuf- 
ficient  time  either  upon  brimftone,  or  wood, 
after  it  has  ceafed  to  burn  of  its  own  accord, 

and  has  become  charcoal  will  have  a  much 

greater 
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greater  effed  of  the  fame  kind,  diminifhing  the 
air  to  its  utmoft  extent,  and  making  it  thorough¬ 
ly  noxious.  In  fadt,  as  will  be  feen  hereafter, 
more  phlogiflon  is  expelled  from  thefe  fub- 
llances  in  the  latter  cafe  than  in  the  former. 

I  never,  indeed,  actually  carried  this  experi¬ 
ment  fo  far  with  brimftone ;  but  from  the 
dlniinution  of  air  that  I  did  produce  by  this 
means,  I  concluded  that,  by  continuing  the 
procefs  forne  time  longer,  it  v/ould  have  been 
eftedled. 

% 

Having  read,  in  the  Memoirs  of  the  Philofo- 
phical  Society  at  Turin,  vol.  1.  p.  41.  that  air  in 
which  candles  had  burned  out  was  perfedlly 
reftored,  fo  that  other  candles  would  burn  in  it 
again  as  well  as  ever,  after  having  been  expofed 
to  a  confiderable  degree  of  cold^  and  likewife 
after  having  been  compreli’ed  in  bladders  (for  , 
the  cold  had  been  fuppofed  to  have  produced 
this  effedl  by  nothing  but  condenfation)  I  re¬ 
peated  thofe  experiments,  and  did,  indeed,  find, 
that  when  I  compreffed  the  air  in  bladders,  as 
the  Count  de  Saiuce,  who  made  the  obfervation, 
had  done,  the  experiment  fucceeded :  but  having 
had  fufficient  reafon  to  diilruft  bladders,  I  corn- 
prefTed  the  air  in  a  glafsveffel  Handing  in  water*, 
and  then  I  found,  that  this  procefs  is  altogether 
ineffedtuai  for  the  purpofe.  I  kept  the  air  com- 
prefled  much  more,  and  much  longer,  than  the 

Count 


I 


Air.  in  which  Candles  have  burned*  49 

Count  had  done,  but  without  producing  any 
alteration  in  it.  I  alfo  find,  that  a  greater  de¬ 
gree  of  cold  than  that  which  he  applied,  and 
of  longer  continuance,  did  by  no  means  reftorc, 
this  kind  of  air  :  for  when  I  had  expofed  the 
phials  which  contained  it  a  whole  night,  int 
which  the  fi  oft  was  very  intcnfe ;  and  alfo  when 
I  kept  it  furrounded  with  a  mixture  of  fnow 
and  lait,  I  found  it,  in  all  refpeds,  the  fame  • 
as  before.  •  • 

I 

/ 

It  is  alfo  advanced,  in  the  fame  Memoir, 
p.  41.  that  only,  as  the  reverfe  of  coldy 
renders  air  unfit  for  candles  burnino;  in  it.  But 

O 

I  repeated  the  experiment  of  the  Count  for  that 
purpofe,  without  finding  any  fuch  effe(5t  from 
it.  I  aifo  remember  that,  many  years  ago,  I 
filled  an  exhaufled  receiver  with  air,  which  had 
paired  through  a  glafs  tube  made  red-hot,  and 
found  that  a  candle  would  burn  in  it  perfe(ftly  ’ 
well.  Alfo,  rarefa(5lion  by  the  air-pump  does 
not  injure  air  in  the  lead  degree. 

'a 

Though  this  experiment  failed,  I  have  been 
fo  happy,  as  by  accident  to  have  hit  upon  a 
method  of  reftoring  air,  which  has  been  injured 
by  the  burning  of  ^candles,  and  to  have  difeo- 
vered  at  lead  one  of  the  redoratives  which  na¬ 
ture  employs  for  this  purpofe.  It  is  vegetation. 

^  Th  is  redoration  of  vitiated  air,  I  conjecture,  is 

E  effeeded 


1 


Obfervations  on 

cfFedled  by  plants  imbibing  the  phlogiftic  matter 
with  which  it  is  overloaded  by  the  burning  of 
inflammable  bodies.  But  whether  there  be  any 
foundation  for  this  conjedbure  or  not,  the  fadl 
is,  I  think,  indifputable.  I  fliall  introduce  the 
account  of  my  experiments  on  this  fubjedt,  by 
reciting  fome  of  the  obfervations  which  I  made 
on  the  growing  of  plants  in  confined  air, „  which 
led  to  this  difeovery. 

One  might  have  imagined  that,  fince  common 
air  is  necelfary  to  vegetable,  as  well  as  to  animal 
life,  both  plants  and  animals  had  afledbed  it  in- 
the  fame  manner  ;  and  I  own  I  had  that  expec¬ 
tation,  when  I  firfb  put  a  fprig  of  mint  into  a 
glafsjar,  Handing  inverted  in  avelfel  of  water  : 
but  w  hen  it  had  continued  growing  there  for 
fome  months,  I  found  that  the  air  would  neither 
extinguifli  a  candle,  nor  was  it  at  all  inconve^ 
nient  to  a  moufe,  which  I  put  into  it. 

The  plant  was  not  affedted  any  otherwife  than 
w^as  the  neceflary  confequence  of  its  confined 
fituation  ;  for  plants  growing  in  feveral  other 
kinds  of  air,  were  all  affedbed  in  the  very  fame 
manner.  Every  fucceffion  of  leaves  w^as  more 
diminiflied  in  fize  than  the  preceding,  till,  at 
length,  they  came  to  be  no  bigger  than  the 
heads  of  pretty  fmall  pins.  The  root  decayed, 
ar)d the  ftalk  alfo,  beginning  from  the  root; 

and 
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and  yet  the  plant  continued  to  grow  upwards^; 
drawing  its  nouriftiment  through  a  black  and 
rotten  Item,  In  the  third  or  fourth  fet  of 
leaves>  long  and  white  hairy  filaments  grew 
from  the  infcrtion  of  each  leaf  and  fometimes . 
from  the  body  of' the  ftem,  fliootiilg  out  as  fae 
as  the  veflel  in  which  it  grew  would  permit* 
whichj  in  my  experiments,  was  about  two  in-^ 
ches.  In  this  manner  a  fprig  of  mint  lived, 
the  old  plant  decaying^  and  new  ones  fliooting 
up  in  its  place,  but  Icfs  and  lefs  continually* 
all  the  fummet  fcafon*  . 

In  repeating  this  experiment,  care  muft  be 
taken  to  draw  away  all  the  dead  leaves  front 
about  the  plant,  left  they  ftiould  putrefy,  and 
aft'edt  the  ait,  I  have  found  that  a  frefti  cab¬ 
bage  leaf,  put  under  a  glafs  Vefiel  filled  with  ’ 
common  air,  for  the  fpacc  of  one  night  only^ 
has  lb  affedted  the  air,  that  a  (Randle  would  not 
burn  in  it  the  next  morning,  and  yet  the  leaf 
had  not  acquired  any  fmell  of  putrefadion. 

Finding  that  candles  would  burn  very  well 
in  air  in  which  plants  had  grown  a  long  time, 
and  having  had  fome  reafon  to  think,  that  there 
v/as  fomething  attending  vegetation,  which  re-, 
ftored  air  that  had  been  injured  by  refpiration, 

I  thought  it  was  pofiiblc  that  the  fame  procefs 

E  z  might 
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might  allb  refbore  the  air  that  had  beea 
injured  by  the  burning  of  candles. 

•  -  *,  • 

Accordingly,  on  the  17th  of  AuguO:  1-771, 
I  put  a  fprig  of  mint  into  a  quantity  of  air,  in 
which  a  wax  candle  had  burned  out,  and  found 
that,,  on, the  2.7th  of  ’ the  fame  month,' another 
candle  burned  perfedlly  well  in  it.  This  expe¬ 
riment  I  repeated,  without  the  leafl:  variation 
in  the  event,  not  lefs  than  eight  or  ten--  times  in 
the  remainder  of  the  fummer. 

t 

Several  times  I  divided  the  quantity  of  air  in- 
which  the  cardie  had  burned  out,  into  two 
parts,  and  putting  the  plant  into  one  of  them, 
left  the  other  in  the  fame  expofure,.  cor^ained, 
alfo,  in  a  glafs  veflel  immerfed  in  water,  but 
without  any  plant;  and  never  failed  to  find,, 
that  a  candle  would  burn  in  the  former,  but 
not  in  the  latter.- 

•  ■» 

I  generally  found  that  five  or  fix  days  were 
fufficient  to  refiore  this  air,  when  the  plant  was 
in  its  vigour;,  whereas  I  have  kept  this  kind  of 
air  in  glafs"  vefiels,  immerfed  in  water  many 
ifiondis,  without  being  able  to  perceive  that  the 
feaft  alteration  had  been  made  in  it.  I  have 
alfo 'tried  a  great  variety  of  experiments,  upon 
it,  as  by  condenfing,  rarefying,  expofing  to  the 
light  and  heat,  &c.  and  throwing  mro 'it  the 
‘  ,  effluvia 
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effluvia  of  many  different  fubflahces,  but  with¬ 
out  any  effed:. 

i  ■  •  ^  ^ 

Experiments  made  in  the  year  1772,  abun^ 
dantly  confirmed  my  conclufion  concerning  the 
refloration  of  air,  in  which  candles  had  burned 
out  by  plants  growing  in  it.  The  firfl  of  thefe 
experiments  was  made  in  the  month  of  May  ; 
and  they  were  frequently  repeated  in*  that  and 
the  two  following  months,  without  a  fingle 
failure.  . 

For  this  purpofe  I  u fed  the  flames  of  different 
fubflances,,. though  I  generally  ufed  wax  or  tal¬ 
low  candles.  On  the  24th  of  June  the  expe¬ 
riment  fucceeded  perfectly  well  with  air  in 
which  fpirit  of  wine  had  burned  out,  and '  on 
the  27th.  of  the  fame  month  it  fucceeded  equally 
well  with  air  in  w^hich  brimflone  matches  had 
burned  out,  an  effedt  of  which  I  had  defpaired' 
the  preceding  year. 

\ 

This  refloration  of  air,  I  found,  depended 
upon  the  vegetating  fiate  of  the  plant ;  for 
though  I  kept  a  great  number  of  the  frefh 
leaves  of  mint  in  a  fmall  quantity  of  air  in 
which  candles  had  burned  out,  and  changed 
them  frequently,*  for  a  long  fpace  of  time,  I 
could  perceive  no  melioration  in  the  fiate  of 
the  air. 
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This  remarkable  effe<f!:  does  not  depend  upon 
any  thmg  peculiar  to  mlnt^  which  was  the  plant 
that  I  always  made  ufe  of  till  July  1772  ;  for 
on  the  1 6th  of  that  month^  I  found  a  quantity 
of  this  kind  of  air  to  be  perfedly  reftorcd  by  > 
fprigs  of  balmy  which  had  grown  in  it  from  the 
7  th  of  the  fame  month. 

That  this  refloration  of  air  was  not  owing 
to  any  aromatic  effluvia  of  thefe  two  plants,  not 
only  appeared  by  the  ejjential  oil  of  mint  having 
no  fcnfible  elfeiS:  of  this  kind  ;  bvit  from  the 
equally  complete  reftoration  of  this  vitiated  air 
i)y  the  plant  called  groundjely  which  is  ufually 
ranked  among  the  weeds,  and  has  an  offenfive 
fmell.  This  was  the  refult  of  an  experiment 
made  the  i6th  of  July,  when  the  plant  had 
been  growing  in  the  burned  air  from  the  8  th  of 
the  fame  month.  Befides,  the  plant  which  I 
have  found  to  be  the  moft  elfedbual  of  any  that 
I  have  tried  for  this  purpofe  is  fpinachy  which 
is  of  quick  grpwth,  but  will  feldom  thrive  long 
in  water.  One  jar  of  burned  air  was  perfcdly 
reftored  by  this  plant  in  four  days,  and  another 
in  two  days.  This  laft  was  obferved  on  the 
2 2d  of  July. 

In  general,  this  effecl  may  be  prefumed  to 
have  taken  place  in  much  lefs  tirne  than  I  have 
mentioned  5  becaufe  I  never  chofe  to  make  a 
2  trial 
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trial  of  the  air,  till  I  was  pretty  fure,  from 
preceding  obfervations,  that  the  event  which 
I  had  expected  muft  have  taken  place,  if  it 
would  fucceed  at  all ;  left,  returning  back  that 
part  of  the  air  on  which  I  made  the  trial,  and’ 
which  would  thereby  neceflarily  receive  afmall 
mixture  of  common  air,  the  experiment  might 
not  be  judged  to  be  quite  fair;  though  I  myfelf 
might  be  fufficiently  fatisfied  with  refpe<ft  to  the 
allowance  that  was  to  be  made  for  that  fmall 
imperfcd:ion,, 

SECTION  III, 

Of  JNFLAMMABLE 

I  have  generally  made  inflammable  air  in  the 
manner  deicribed  by  Mr.  Cavendifti,  in  the  Phi* 
lofophical  Tranfadions,  from  iron,  zinc,  or 
tin;  but  chiefly  from  the  two  former^  metals, 
on  account  of  the  procefs  being  the  leaft  trou- 
blefome :  but  when  I  extracted  it  from  vege¬ 
table  or  animal  fubftances,  or  from  coals,  I  put 
them  into  a  gun-barrel,  to  the  orifice  of  which 
I  luted  a  glafs  tube,  or  the  ftem  of  a  tobacco- 
pipe,  and  to  the  end  of  this  I  tied  a  flaccid 
bladder  in  order  to  catch  the  generated  air  ; 
or  I  received  the  air  in  a  vtlTel  of  quickfilver, 
in  the  manner  reprefented  Fig.  7. 

E  4  There 
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There  is  not,  I  believe,  any  vegetable  or 
animal  fubftance  whatever,  nor  any  mineral 
fubftance,  that  is  inflammable,  but  what  will 
yield  great  plenty  of  inflammable  air,  when 
they  are  treated  in  this  manner,  and  urged  with 
a  ftrong  heat  *,  but,  in  order  to  get  the  mofl: 
air,  the  heat  mufl:  be  applied  as  fuddenly,  and 
as  vehemently,  as  polTible.  For,  notwithfland- 
ing  the  fame  care  be  taken  in  luting,  and  in 
every  other  refped:,  fix  or  even  ten  times  more 
air  may  be  got  by  a  fudden  heat  than  by  a  flow 
one,  though  the  heat  that  is  lafl:  applied  be  as 
intenfe  as  that  which  was  applied  fuddenly.  A 
bit  of  dry  oak,  weighing  about  twelve  grains, 
will  generally  yield  about  a  fheep’s  bladder  full 
of  inflammable  air  with  a  brifk  heat,  when  it 
will  only  give  about  two  or  three  ounce  mea- 
fures,  if  the  fame  heat  be  applied  to  it  very 
gradually.  To  what  this  difference  is  owing, 
I  cannot  tell.  Perhaps  the  phlogiffon  being 
extricated  more  flowlv  may  not  be  intirely  ex¬ 
pelled,  but  form  another  kind  of  union  with 
itsbafe,  fo  that  charcoal  made  with  a  heat 
flowly  applied  fhall  contain  more  phlogiffon 
than  that  which  is  made  with  a  fudden  heat. 
It  may  be  worth  while  to  examine  the  proper¬ 
ties  of  the  charcoal  with  this  view, 

Inflammable  air,  when  it  is  made  by  a  quick 
procefs,  has  a  very  ffrong  and  oftenfive  fmell, 
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from  whatever  fubflancc  it  be  generated  *,  but 
this  fmell  is  of  three  different  kinds,  according 
as  the  air  is  extradlied  from  mineral,  vegetable, 
or  animal  fubflanccs.  The  laft  is  exceedingly 
fetid;  and  it  makes  no  difference,  whether  it' 
be  extracftecl  from  a  bone,  or  even  an  old  and 
dry  tooth,  from  foft  mufcular  fcfh;  or  any 
other  part  of  the  animal.  The  burning  of  any 
fubftance  occafions  the  fame  fmell :  for  the 
grofs  fume  which  arifes  from  them,  before  they 
Jlame,  is  the  inflammable  air  they  contain, 
which  is  expelled  by  heat,  .and  then  readily  ig¬ 
nited.  The  fmell  of  inflammable  air  is  the  very 
fame,  as  *  far  as  I  am  able  to  perceive,  from 
whatever  fubflance  of  the  fame  kingdom  it  be  • 
extradred.  Thus  it  makes  no  difference  whe¬ 
ther  it  be  got  from  iron,  zinc,  or  tin,  from  any 
kind  of  wood,  or,  as  was  obferved  before,  from 
any  part  of  an  animal. 

If  a  quanticy  of  inflammable  air  he  contained 
in  a  glafs  veffel  Handing  in  water,  and  have 
been  generated  very  fail,  it  will  fmell  even 
through  the  water,  and  this  water  will  aifo  foon 
become  covered  with  a  thin  film,  aflliming  all 
the  different  colours.  If  the  inflammable  air 
have  been  generated  from  iron,  this  matter 
will  appear  to  be  a  red  okre,  or  the  earth  of 
iron,  as  I  have  found  by  coileding  a  confi- 
derable  quantity  of  it  5  and  if  it  have  been, ge¬ 
nerated 
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ncrated  from  zinc,  it  is  a  whitifli  fubftancci^ 
which  I  fuppofc  to  be  the  calx  of  the  metal. 
It  likewife  fettles  to  the  bottom  of  the  veffel, 
and  when  the  water  is  ftirred,  it  has  very  much 
the  appearance  of  wool.  When  water  is  once 
impregnated  in  this  manner,  it  will  continue  to 
yield  this  feum  for  a  confiderable  time  after  the 
air  is  removed  from  it.  This  I  have  often  ob- 
ferved  with  refpedl:  to  iron. 

Inflammable  air,  made  by  a  violent  efferve- 
fcence,  I  have  obferved  to  be  much  more  in¬ 
flammable  than  that  which  is  made  by  a  weak 
effervcfcence,  whether  the  water  or  the  oil  of 
vitriol  prevailed  in  the  mixture.  Alfo  the  of- 
fenfive  fmell  was  much  ilronger  in  the  former 
cafe  than  in  the  latter.  The  greater  degree  of 
inflammability  appeared  by  the  greater  num¬ 
ber  of  fuccefTive  explofions,  when  a  candle  was 
prefented  to  the  neck  of  a  phial  filled  with  it.^ 
It  IS  poflible,  however,  that  this  diminution  of 
inflammability  may,  in  feme  meafure,  arife 
from  the  air  continuing  fo  much  longer  in  the 
bladder  when  it  is  made  very  flowly  ;  though 

To  try  this,  after  every  cxplofion,  which  immediately 
follows  the  prefentingof  the  flame,  the  mouth  of  the  phial 
Ihould  be  clofed  (I  geoerally  do  it  with  a  finger  of  the 
hand  in  which  I  hold  the  phial)  forocherwife  the  iafianfi- 
mable  air  will  continue  burning,  though  invifibly  in  the 
day  dme,  til!  the  whole  be  coniumed. 
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I  think  the  difference  is  too  great  for  this  caufe 
to  have  produced  the  whole  of  it.  It  may, 
perhaps,  deferve  to  be  tried  by  a  different  pro- 
cefs,  without  a  bladder. 

Inflammable  air  is  not  thought  to  be  mifei- 
ble  with  water,  and  when  kept  many  months, 
feems,  in  general,  to  be  as  inflammable  as  ever. 
Indeed,  when  it  is  extraded  from  vegetable  or 
animal  fubftances,  a  part  of  it  will  be  imbibed 
by  the  water  in  w^hich  it  (lands  j  but  it  may  be 
prefumed,  that  in  this  cafe,  there  was  a  mixture 

of  fixed  air  extratfed  from  the  fubflance  along 
with  it.  I  have  indifputable  evidence,  how¬ 
ever,  that  inflammable  air,  (landing  long  in 
water,  has  adlually  loft  all  its  inflammability, 
and  even  come  to  extinguifh  flame  much  more  . 
than  that  air  in  which  candles  have  burned 
out.  After  this  change  it  appears  to  be  greatly 
diminifhed  in  quantity,  and  it  ftill  continues  to 
kill  animals  i!he  moment  they  are  put  into  it. 

This  very  remarkable"  fad;  firft  occurred  to 
my  obfervation  on  the  twenty-fifth  of  May 
1771,  when  I  was  examining  a  quantity  of  in¬ 
flammable  air,  which  had  been  made  from  zinc, 
near  three  years  before.  Upon  this,  I  imme¬ 
diately  fet  by  a  common  quart-bottle  filled  with 
inflammable  air  from  iron,  and  another  equal 
quantity  from  zinc ;  and  examiniag  them  in 

the 
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the  beginning  of  December  following,  that 
from  tbe  iron  was  reduced  near  one  half  in 
quantity,  if  I  be  not  greatly  miftaken ;  for  I 
found  the  bottle  half  full  of 'water,  and  I  am 
pretty  clear  that  it  was  full  of  air  when  it  was 
fet  by.  That  which  had  been  produced  frorn 
zinc  was  not  altered,  and  filled  the  bottle  as  at 
firft. 

Another  inftance  of  this  kind  occurred  to 
my  obfervation  on  the  1 9th  of  June  1 772,  when 
a  quantity  of  air,  half  of  which  had  been  in¬ 
flammable  air  from  zinc,  and  half  air  in  which 
mice  had  died,  and  which  had  be?n  put  to¬ 
gether  the  30th  of  July  1771,  appeared  not 
to  be  in  the  leafl  inflammable,  but  extinguifhed 
flame,  as  much  as  any  kind  of  air  that  1  had 
ever  tried.  I  think  that,  in  all,  I  have  had 
four  inftances  of  inflammable  air  lofing  its  in¬ 
flammability,  while  it  flood  in  water. 

Though  air  tainted  with  putrefaclion  extin- 
guilhes  flame,  I  have  not  found  that  animals 
or  vegetables  putrefying  inflammable  air  ren¬ 
der  it  lefs  inflammable.  But  one  quantity  of 
inflammable  air,  which  I  had  fet  by  in  May 
1771,.  along  with  the  others  above  mentioned, 
had  had  fome  putrid  flefh  in  it-,  and  this  air 
had  lofl:  its  inflammability,  when  it  was  exa¬ 
mined  at  the  fame  time  with  the  other  in  the  De¬ 
cember 
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cember  following.  The  bottle  in  which  this 
air  had  been  kept,  fmelled  exafily  like  very 
ftrong  Harrogate  water.  I  do  not  think  that 
any  perfon  could  have  diftinguifhed  them. 

I  have  made  plants  grow"  for  feveral  months 
in  inflammable  air  made  from  zinc,  and  alfo 
from  oak  ;  but,  though  the  plants  grew' pretty 
well,  the  air  ftill  continued  inflammable.  The 
former,  indeed,  was  not  fo  highly  inflammable 
as  when  it  was  frefh  made,  but  the  latter  was 
quite  as  much  fo  ;  and  the  diminution’  of  in¬ 
flammability  in  the  former  cafe,  I  attribute  to 
fome  other  caufe  than  the  growth  of  the  plant. 

Nokind  offairyon  whichl  have  yet  made  the  ex¬ 
periment,  will  condudl  eledtricityjbut  the  colour 
of  an  eledtrkfparkis  remarkablydifferent  in  fome 
different  kinds  of  air,  wliich  feems  to  fhew  that 
they  are  not  equally  good  non-condu6tors.  In 
fixed  air,  the  eledtric  fpark  is  exceedingly  white ; 
but  in  inflammable  air  it  is  of  a  purple,  or  red 
colour.  Now,  fince  the  mofl:  vigorous  fparks 
are  always  the  whiceft,  and,  in  other  cafes,  when  ^ 
the  fpark  is  red,  there  is  reafon  to  think  that  the 
eledfric  matter  pafles  with  difficulty,  and  with 
kfs  rapidity  :  it  is  poffible  that  the  inflammable  ' 
air  may  contain  particles  which  condudt  elec¬ 
tricity,  though  very  imperfedtly  ;  and  that  the 
whitenefs  of  the  fpark  m  the  fixed  air,  may  be 

owing 
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owing  to  its  meeting  with  no  conducing  parti-^ 
cles  at  alU  When  an  explofion  was  made  in  a  ^ 
quantity  of  inflammable  air,  it  was  a  little  white 

in  the  center,  but  the  edges  of  it  were  flill 
tinged  with  a  beautiful  purple.  •  The  degree  of 
whitenefs  in  this  cafe  v/as  probably  owing  to  the 
cledfric  matter  rufliing  with  more  violence  in  an 
explofion  than  in  a  common  fpark. 

Inflammable  air  kills  animals  as  fuddenly 
as  fixed  air,  and,  as  far  as  can  be  perceived, 
in  the  fame  manner,  throwing  them  into  con- 
vulfions,  and  thereby  occafioning  prefent  death. 

I  had  imagined  that,  by  animals  dying  in  a  quan-  , 
tity  of  inflammable  air,  it  would  in  time  be¬ 
come  iefs  noxious  ;  but  this  did  not  appear  to 
be  the  cafe  ^  for  I  killed  a  great  number  of  mice 
in  a  fmall  quantity  of  this  air  ^  w^hich  1  kept  fe- 
veral  months  for  this  pui  pofe,  without  its  being 
at  all  fenfibly  mended ;  the  laft,  as  well  as  the 
firfl:  modfe,  dying  the  moment  it  was  put 
into  it. 

1  once  imagined  that,  fince  fixed  and  inflam¬ 
mable  air  are  the  reverfc  of  one  another,  in  fe- 
veral  remarkable  properties,  a  mixture  of  therit^ 
would  make  common  air*,  and  while  I  made  the 
mixtures  in  bladders,  I  imagined  that  I  had  fuc- 

ceeded  in  my  attempt ;  but  I  have  fince  found 
that  thin  bladders  do  not  fufliciently  prevent 

the 
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the  air  that  is  contained  in  them  from  mixing 
with  the  external  air.  Alfo  corks  will  not  fuf- 
liciently  confine  different  kinds  of  air,  unlcfs 
the  phials  in  which  they  are  confined  be  fet  with 
their  mouths  downwards,  and  a  little  water  lie. 
in  the  necks  of  them,  which,  indeed,  is  equi¬ 
valent  to  the  air  {landing  in  veffels  immerfcd  in 
water.  In  this  manner,  however,  I  have  kept 
different  kinds  of  air  for  feveral  years. 

Whatever  methods  I  took  to  promote  the 
.  mixture  of  fixed  and  inflammable  air,  they  were 
all  ineffed:uaL  I  think  it  my  duty,  however, 
to  recite  the  iffue  of  an  experiment  or  two  of 
this  kind,  in  which  equal  mixtures  of  thefe  two 
'  kinds  of  air  had  flood  near  three  years,  as  they 
feem  to  fliew  that  they  had  in  part  affeded  one 
another,  in  that  long  fpace  of  time.  Thefe 
mixtures  I  examined  April  27,  1771.  One  of 
them  had  flood  in  quickfilver,  and  the  other  in 
a  corked  phial,  wnth  a  little  water  in  it.  On 
opening  the  latter  in  water,  the  water  inftantly 
rufhed  in,  and  filled  almofl  half  of  the  phial, 
and  very  little  more  was  abforbed  aftelwards. 
In  this  cafe  the  water  in  the  phial  had  probably 
abforbed  a  confiderable  part  of  the  fixed  air, 
fo  that  the  inflammable  air  was  exceedingly  ra¬ 
refied  ;  and  yet  the  whole  quantity  that  mull 
have  been  rendered  non-elaflic  was  ten  times 
more  than  tfie.  bulk  of  the  water,  and  it  has  not 

been 
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been  found  that  water  can  contain  much  more 
than  its  own  bulk  of  fixed  ain  But  in  other 

I  /  •  * 

cafes  I  have  found  the  diminution  of  a  quantity 
of  air^  and  efpecially  of  fixed  air,  to  be  much 
greater  than  I  could  well  account  for  by  any 
kind  of  abforption. 

'  The  phial  which  had  ftood  Inlmerfed  in  quick- 
(ilver  had  loft  very  little  of  its  original  quantity 
of  air ;  and  being  now  opened  in  water,  and 
left  there,  akmg  with  another  phial,  which  was 
juft  then  filled,  as  this  had  been  three  years  be¬ 
fore,  viz.  with  air  half  inflammable  and  half 
fixed,  1  obferved  that  the  quantity  of  both  was 
diminifticd,  by  the  abforption  of  the  water,,  in 
'  the  fame  proportion. 

Upon  applying  a  candle  to  the  mouths  of 
the  phials  which  had  been  kept  three  years, 
that  which  had  ftood  in  quickfilver  went  off  at 
one  explofiori,  exactly  as  it  would  have  done 
if  there  had  been  a  mixture  of  common  air 
with  the  inflammable.  As  a  good  deal  depends 
upon  the  apertures  of  the  veftels  in  which  the 
inflammable  air  is  mixed,  I  mixed  the  two 
kinds  of  air  in  equal  proportions  in  the  fame 
phial,  and  after  letting  the  phial  ftand  fome 
days  in  water,  that  tht  fixed  air  might  be  ab- 
‘  forbed,  I  applied  a  candle  to  it,  but  it  made 
ten  or  twelve  explofions  (flopping  the  phial 

after 
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ilfrer  each  of  them)  before  the  inflammable 
matter  was  exhaufled. 

V 

The  air  which  had  been  confined  in  tRe  cork¬ 
ed  phial  exploded  in  the  very  fame  manner  as.- 
an  equal  and  frefh  mixture  of  the  two  kinds 
of  air  in  the  fame  phial,  the  experiment  being 
made  as  foon  as  the  fixed  air  was  abforbed,  as 

a 

before  ;  fo  that  in  this  cafe,  the  two  kinds  of 
air  did  not  feem  to  have  affed;ed  one  another 
at  all. 

Confidering  inflammable  air  as  air  united  to, 
or  loaded  with  phlogitlon,  I  expofed  toitfeve- 
ral  fubflances,  which  are  faid  to  have  a  near 
affinity  with  phlogifloii,  as  oil  of  vitriol,  and 
fpirit  of  nitre  (the  former  for  above  a  month), 
but  without  making  any  fenfible  alteration  in  it.. 

lobferved,  however,  that  inflammable  air, 

•  *. 

mixed  with  the  fumes  of  fmoking  fpirit  of  ni¬ 
tre,  goes  off  at  one  explolion,  exadly  like  a 
mixture  of  half  common  and'  half  inflammable 
air.  This  I  tried  feveral  times,  by  throwing  the 
inflammable  air  into  a  phial  full  of  fpirit  of 
nitre, ,  with  its  mouth  irnmerfed  in  a  bafdn 
containing  fome  of  the  fame  fpirit,  and  then 
applying  the  flame  of  a  candle  to  the  mouth  of 
the  phial,  the  moment  that  it  was  uncovered, 
after  it  had  been  taken  out  of  the  bafon. 
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This  remarkable  ■effe6l  I  hafllly  concliTcied' 
to  have  arifen  from  the  inflammable  air  having 
been  in  part  deprived  of  its  inflammability,  by 
means  of  the  flironger  affinity,  which  the  fpirit 
of  nitre  had  with  phlogifton,  and  therefore  L 
Imagined  that  by  letting  them  fland  ionger  in 
Contad:,  and  efpecialiy  by  agitating  them  flirong- 
iy  together,  I  fhould  depiive  the  air  of  all  its 
inflammability,  but  neither  of  thefe  operations 
fucceeded,  for  flill  t;he  air  was  only  exploded 
'at  once,  as  before.  » 

<  And  laflly,  when  I  pafied  a  quantity  of  Inflam¬ 
mable  air,  which  had  been  'mixed  with  the’ 
fumes- of  fpirit  of  nitre^  through  a  body  of 
'water,  and  received  it  in  another  veflcl,  it  ap- 
■  peared  not  to  have  undergone  any  change  at  ail, 
'for  it  went  off  in  feveral  fucceffive  explofions,- 
like  the  pnreil  inflamiuable  air.  The  effecl 
abovementioned  muft,  therefore,  have  been 
owing  to  the  fumes  of  the  fpirit  of  nitre  fup- 
plving  the  place  of  common  air  for  the  purpofe' 
of  ignition,  which  is  analogous  to  other  experi-- 
menrs.widV  nitre. 

Having  had  the  curioflty,  on  the  25Ch  of 
July  1772,  to  expofe  a  great  variety  of  different 
kinds  of  air  to  v/ater  out  of  which  the  air  it  con- 
.  rained  had  been  boiled,  without  any  particular' 
view^^  the  refult  was,  in  ieveral  refpedls,  alto- 
^  '  gsther 
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gether  unexpected,  and  led  to  a  variety  of  new 
obfervatlons  on  the  properties  and  affinities  of 
feveral  kinds  of  air  with  refpeCl  to  .water*' 
Amons  the  reft  three  fourths  of  that  which . 
was  inflammable  was  abfofbed  by  the  water  in 
about  two  days,'  and  the  remainder  was  inflam¬ 
mable,  but  weakly  fo; 

V  ,  -  •  .  •  • 

upon  this,'  I  began  to  agitate  a  quantity  of 
ftrong  inflammable  air  in  a  glafs  jar,  -ftanding 
i'n  a  pretty  large  trough  of  water,  the  furface  . 
of  which  was  expofed  to  the  common’  air,  and 
I  found  that  when  I  had  continued  the  opera¬ 
tion  about  ten  minutes,  near  one  fo'urtli  of  the 
quantity  of  air  had  difappeared ;  and  finding 
that  the  remainder  made  an  effervefcerice  with' 
nitrous  air,  I  concluded  that  it  mUft  have  be¬ 
come  fit  for  refpiration,  .whereas  this^  kind  of 
air  is,  at  the  firft,  as  noxious  aV  any  other  kind 
whatever.  To  afeeftain  this,  I  put  a  moufe 
into  a  veflTel  containing  af  ounce  meafures  of 
it,  and  obferved  that  it  lived  in  it  twenty  mi¬ 
nutes,  which  is  as  long  as  a  moufe  will  gene¬ 
rally  live  in  the  fame  quantity  of  comrribn  air.' 
I'his  moufe  was  even  taken  out  alive,  and  re¬ 
covered  very  well.  Still  alfo  the  air  in"  which 
it  had  breathed  fo  long  was  inflammable,  though 
very  weakly  fo.  1  ha:ve  even  found  it  to  be  fo' 
when  a  moufe  has  aClUally  died  in  it.  In- 
flammable  air  thus  diminifhed  by  agitation  in' 

F  7:‘  water. 
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water,  makes  but  one  explofion  on  the  approach 
of  a  candle,  exaclly  like  a  mixture  of  inflam- 
mable  air  .with  common  air. 

r 

From  this  experiment  I  concluded  that,  by 
continuing  the  fame  procefs,  I  fliould  deprive 
inflammable  air  of  all  its  inflammability,  and 
this  I  found  to  be  the  cafe  *,  for,  after  a  longer 
agitation,  it  admitted  a  candle  to  burn  in  it, 
like  common  air,  only  more  faintly ;  and  in¬ 
deed  by  the  teft  of  nitrous  air  it  did  not  appear 
to  be  near  fo  good  as  common  air.  Continuing 

the  fame  procefs  flill  farther,  the  air  which  had 
been  moft  flrongly  inflammable  a  little  before, 

came  to  extinguifli  a  candle,  exadlly  like  air  in. 
which  a  candle  had  burned  out,  nor  could  they 
be  diitinguiflted  by  the  cefl  of  nitrous  air. 

I  found,  by  repeated  trials,  that  it  was  diffi^ 
cult  to  catch  the  time  in  which  inflammable  air 
obtained  from  metals,  in  coming  to  extinguifh 
flame,  was  in  the  flate  of  common  air,  fo  that 
the  tranfition  from  the  one  to  the  other  mufl;  be 
very  fliort.  Indeed  I  think  that  in  many,  per¬ 
haps  in'mofl:  cafes,  there  may  be  no  proper  me¬ 
dium  at  all,  the  phlogiiton  pafling  at  once  from 
that  mode  of  union  with  its  bafe  which  confli- 
tutes  inflammable  air,  to  that  which  conflitutes 
an  air  that  extinguiflies  flame,  being  fo  much 
overloaded  as  to  admit  of  no  more.  I  readily, 

how- 
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however,  found  this  middle  date  in  a  quantity 
of  inflammable  air  extradted  from  oak,  which 
air  I  had  kept  a  year,  and  in  which  a  plant  had 
grown,  though  very  poorly,  .for  fome  part  of 
the  time.  A  quantity  of  this  air,  after' being- 
agitated  in  water  till  it  was  diminiflied  about 
one  half,  admitted  a  candle  to  burn  in  it  ex¬ 
ceedingly  well,  and  was  even  hardly  to  be  dif- 
tinguiflied  from  common  air  by  the  tefl:  of  ni¬ 
trous  air. 

\  ; 

I  took  fome  pains  to  afcertain  the  quantity 
of  diminution,  in  frefli- made  and  very  highly- 
inflammablc  air  from  iron,  at  which  it  ceafed  to 
be  inflammable,  and,  upon  the  whole,  I  con¬ 
cluded  that  it  was  fo  \Vhen  it  was  diminiflied  a 
little  more  than  one  half  j  for  a  quantity  which 
was  diminiflied  exadtly  one  half  had  fomcthing 
inflammable  in  it,  but  in  the  flic^htefl:  degree 

O  iD 

imaginable.  It  is  not  improbable,  however,  but 
there  may  be  great  differences  in  the  refult  of 
this  experiment. 

Finding  that  water  would  imbibe  inflammable 
air,  I  endeavoured  to  impregnate  water  with  it, 
by  the  fame  procefs  by  which  I  had  made  water 
imbibe  fixed  air  ;  but  though  I  found  that  di- 
ftilled  water  would  imbibe  about  one  fourteenth 
of  its  bulk  of  inflammable  air,  I  could  not 
perceiv’C  that  the  taflie  of  itwasfenflbly  altered. 

F3  SECT. 
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Of  Air  infe5!ed  with  animal  respiration,  on 

Putrefaction. 


That  candles  will  burn  only  a  certain  time,  ir) 
a  given  quantity  of  air  is  a  fa6t  not  better 
known,  than  it  is  that  animals  can  live  only  a  cer¬ 
tain  time  in  it  •,  but  the  caufe  of  the  death  of  the 
animal  is  not  better  known  than  that  of  the  ex¬ 
tinction  of  flame  in  the  lame  circumlfances ;  and 
when  once  any  quantity  of  air  has  been  ren¬ 
dered  noxious  by  animals  breathing  in  it  as  long 
as  they  could,  1  do  not  know  that  any  methods 
have  been  difeovered  of  rendering  it  fit  for 
breathing  again.  It  is  evident,  however,  that 
there  mufl:  be  fome  proviliqn  in  nature  for  this 
purpofe,  as  well  as  for  that  pf  rendering  the 
air  fit  for  fudaining  flame  ;  for  without  it  the 
whole  mafs  of  the  atmofphere  would,  in  time, 
becomie  unfit  for  the  purpofe  of  animal  life  ; 
and  yet  there  is  no  realon  to  think  that  it  is,  at 
prefent,  at  all  lefs  fit  for  refpiration  than  it  has 
ever  been.  I  flatter  myfelf,  however,  that  I 
have  hit  upon  two  of  the  methods  employed  by 
nature  for  this  great  purpofe.  How  many  others 
there  may  be,  1  cannot  tell. 


When 
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When  animals  die  npon  being  put  into  air  in 
which* other  animals  have  died,  after  brcathino- 
in  It  as  long  as  they  could,  it  is  plain  that  the 
caufe  of  their  death  is  not  the  v/ant  of  any; 
pabulum  vit<e^  which  lias  been  fuppofed  to  be 
contained  in  the  air,  but  on  account  of  the  air 
being  impregnated  with  fornething  ftimulating 
to  their  lungs ;  for  they  almotl  always  die  in 
convulfions,  and  are  fometimes  affedled  fofud- 
denly,  that  they  are  irrecoverable  after  a  fingle 
infpiration,  though  they  be  withdrawn  imme¬ 
diately,  and  every  method  has  been  taken  to 
bring  them  to  life  again.  They  are  ahected  in 
the  fame  manner,  when  they  are  killed  in  any 
other  kind  of  noxious  air  that  I  have  tried, 
viz.  fixed  air,  inflammable  air,  air  filled  with 
the  fumes  of  brimftone,  infedted  with  putrid 
matter,  in  which  a  mixture  of  iron  fijiogs  and 
brimftone  has  flood,  or  in  which  charcoal  has 
been  burned,  or  metals  calcined,  or  in  nitrous 
air,  See, 

As  it  is  known  that  convulfions  weaken,  and 
exhauft  the  vital  pov/ers,  much  more  than  the 
mofl:  vigorous  vo:unt.arf  2iQ(\ow  of  the  mufcles, 
perhaps  thele  unlverfal  convulfions  may  exhauft 
the  whole  of  what  we  may  call  the  vis  vitce  at 
once,  at  leaft  tiiat  the  lungs  may  be  rendered 
abfolutely  incapable  of  aclion,  till  the  animal  be 
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fufFocated,  or  be  irrecoverable  for  want  of  re-' 
fpiration. 

If  a  moufe  (which  is  an  animal  that  I  have 
commonly  made  ufe  of  for  the  piirpofe  of  thefe 
experiments)  can  Hand  the  firft  fliock  of  this 
ifimulus,  or  has  been  habituated  to  it  by  de¬ 
grees,  it  will  live  a  confiderable  time  in  air  in 
which  other  mice  will  die  inftantaneouily.  I 
have  frequently  found  that  when  a  number  of 
mice  have  been  confined  in  a  given  quantity  of 
air,  kfs  than  half  the  time  that  they  have  ac¬ 
tually  lived  in  it,  a  frefh  moufe  being  intro¬ 
duced  to  them  has  been  inftantly  thrown  into 
convulfions,  and  died.  It  is  evident,  therefore, 
that  if  the  experiment  of  the  Black*  Hole  were 
to  be  repeated,  a  man  would  Hand  the  better 
chance  of  furviving  it,  who  Ihould  enter  at  the 
firfi',  than  at  the  lait  hour. 

I  have  alfo  obfervcd,  that  young  mice  will 
always  live  much  longer  than  old.ones,  or  than 
thofe  which  are  full  grown,  when  they  are  con¬ 
fined  in  the  fame  quantity  of  air.  I  have  fome- 
times  known  a  young  moufe  to  live  fix  hours  in 
the  fame  circumllances  in  which  an  old  moufe 
has  not  lived  one.  On  thefe  accounts,  experi¬ 
ments  with  mice,  and,  for  the  fame  reafon,  no 
doubt,  with  other  animals  alfo,  have  a  confider¬ 
able  degree  of  uncertainty  attending  them  ;  and 

therefore. 
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therefore,  it  is  neceffary  to  repeat  them  fre¬ 
quently,  before  the  refult  can  beabfolutely  de¬ 
pended  upon.  But  every  per  Ton  of  feeling  will 
rejoice  with  me  in  the  difeovery  of  nitrous  air^ 
to  be  mentioned  hereafter,  which  fuperfedcs 
many  experiments  with  the  refpiration  of  ani¬ 
mals,  being  a  much  more  accurate  tell  of  the 
purity  of  air. 

The  difeovery  of  the  provifion  in  nature  for 
reftoring  air,  which  has  been  injured  by  the  re¬ 
fpiration  of  animals,  having  long  appeared  to 
me  to  be  one  of  the  moll  important  problems  in 
natural  philofophy,  I  have  tried  a  great  variety 
of  fchemes  in  order  to  effedi  it.  In  thefe  my  guide 
has'  generally  been  to  conhder  the  influences  to 
which  the  atmofphere  is,  in  fadf,  expofed  ;  and, 
as  forae  of  my  unfuccefsful  trials  may  be  of  ufe 
to  thofe  who  are  difpofed  to  take  pains  in  the 
farther  inveftigation  of  this  fubjed;,  I  fhall  men¬ 
tion  the  principal  of  them. 

The  noxious  effluvium  with  which  air  is 
loaded  by  animal  refpiration,  is  not  abforbed  by 
ftanding,  without  agitation;  in  frefh  or  fait  wai¬ 
ter.  I  have  kept  it  many  months  infrefli  water, . 
when,  inflead  of  being  meliorated,  ithasfeemed 
to  become  even  more  deadly,  fo  as  to  require 
more  time  to  reflore  it,  by  the  methods  which 
will  be  explained  hereafter,  than  air  which  has 

been 
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been  lately  made  noxious.  I  have  even  fpent 
feveral  hours  in  pouring  this  air  from  one  glafs 
veffcl  into  another^  in  water,  fometimes  as  cold, 
and  fometimes  as  warm,  as  my  hands  could 
bear  ir,  and  have  fometirqes  alfo  wiped  the 
veffeis  many  times,  during  the  courfe  of  the  ex¬ 
periment,  in  order  to  take  off  that  part  of  the 
noxious  matter,  which  might  adhere  to  the  glafs 
veffeis,  and  which  evidently  gave  them  an  of- 
fenfive  frnell ;  but  all  thele  methods  were  ge¬ 
nerally  without  auy  fenfible  effedl.  The  motion^ 
alfo,  which  the  air  received  in  thefe  circum- 
ffances,  it  is  very  evident,  was  of  no  ufe  for 
this  purpofe.  I  had  not  then  thought  of  the 
fimple,  but  moll  effedtual  method  of  agitating 
air  in  water,  by  putting  it  into  a  tall  jar  and 
fliaking  it  with  my  hand. 

This  kind  of  air  is  not  reftored  by  being  ex^ 
pofed  to  the  lighty  or  by  any  other  influence  to 
which  it  is  expofed,  when  conhned  in  a  thin 
phial,  in  the  open  air,  for  foinc  months. 

Among  other  experiments,  I  tried  a  great  va¬ 
riety  of  effluvia^  which  are  continually 

exhaling  into  the  air,  efpecially  of  thofe  fub- • 
f  anccs  which  are  known  to  refill  putrefadlion  % 
but  I  could  not  by  thefe  means  cffedl  any  meli¬ 
oration  of  the  noxious  quality  of  this  kind  of 
air. 

Having 
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Having  read^  in  the  memoirs  of  the  Imperial 
Society,  of  a  plague  not  affecting  a  particular 
.village,  in  which  there  was  a  large  fulphur- 
work,  I  immediately  fumjgated  a  quantity  of 
this  kind  of  air  ;  or  (which  will  hereafter  ap¬ 
pear  to  be  the  very  fame  thing)  air  tainted  with 
p litre faflion,  with  the  fumes  of  burning  brim- 
ilone,  but  without  any  eifed:. 

I  once  imagined,  that  the  nitrous  acid  in  the 
air  might  be  the  general  reftorative  which  I  was 
in  quell;  of  \  and  the  conjedlure  was  favoured,  by 
finding  that  candles  would  burn  in  air  extraded 
from  faltpetre.  I  therefore  fpent  a  good  deal 
of  time  in  attempting,  by  a  burning  glafs,  and 
other  means,  to  impregnate  this  noxious  air, 
with  fome  effluvium  of  faltpetre,  and,  with  the 
fame  view,  introduced  into  it  the  fumes  of  the 
fmoaking  fpirit  of  nitre  ;  but  both  thefe  me¬ 
thods  were  altogether  ineffeclual. 

In  order  to  try  the  effedl  of  Jocaty  I  put  a 
quantity  of  air,  in  which  mice  had  died,  into  a 
bladder,  tied  to  the  end  of  the  Hem  of  a  to¬ 
bacco-pipe,  at  the  other  end  of  which  was  ano¬ 
ther  bladder,  out  of  which  the  air  was  carefully 
preffed.  I  then  put  the  middle  part  of  the  flem 
into  a  chafing-difh  of  hot  coals,  flrongly  urged 
with  a  pair  of  bellows*,  and,  prefling  the  blad¬ 
ders  alternately,  I  made  the  air  pafs  feveral 
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times  through  the  heated  part  of  the  pipe.  I 
have  allb  made  this  kind  of  air  very  hot,  hand¬ 
ing  in  water  before  the  fire.  But  neither  of 
thefc  methods  were  of  any  ufe. 

RarefaBion  and  condenfation  by  inftruments 
were  ^ifo  tried,  but  in  vain. 

i 

Thinking  it  pofTible  that  the  earth  might  im¬ 
bibe  the  noxious  quality  of  the  air,  and  thence 
fiipply  the  roots  of  plants  with  fuch  putrefeent 
matter  as  is  known  to  be  nutritive  to  them,  I 
kept  a  quantity  of  air,  in  which ’mice  had  died, 
in  a  phial,  one  half  of  which  was  filled  with  fine 
garden-mould  ;  but,  though  it  Hood  two 
'  months  in  thefe  circumflances,  it  was  not  the 
better  for  it. 

■' ,  I  once  imagined  that,  fince  feveral  kinds  of 
air  cannot  be  long  feparated  from  common  air, 
by  being  confined  in  bladders,  in  bottles  well 
corked,  or  even  clofed  with  ground  hopples,  the 
affinity  between  this  noxious  air  and  the  common 
air  might  be  fo  great,  that  they  w^ould  mix 
through  a  body  of  water  interpofed  between 
them  ;  the  w^ater  continually  receiving;  from  the 
one,  and  giving  to  the  other,  efpecially  as  wa¬ 
ter  receives  fome  kind  of  impregnation  from, 
I  believe,  every  kind  of  air  to  which  it  is  conti- 
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guous ;  but  I  have  feen  no  reafon  to  conclude, 
that  a  mixture  of  any  kind  of  air  with  the  com¬ 
mon  air  can  be  produced  in  this  manner. 

I  have  ke])t  air  pn  which  mice  have  died, 
air  in  which  candles  have  burned 'out,  and  in- 
llammable  air,  feparated  from  the  common  air, 
by  the  dightefl:  partition  of  water  that  I  could 
well  make,  fo  that  it  might  not  evaporate  in  a 
day  or  two,  if  I  iliouid  happen  not  to  attend  to 
them  :  but  I  found  no  chanfie  in  them  after  a 

^  o  > 

month  or  fix  weeks.  The  infiammabie  air  was 

t  * 

fLill  indammable,  mice  died  inftantly  in  the  air 
in  which  other  mice  had  died  before,  and  can¬ 
dies  w^ould  not  burn  where  they  had  burned  out 
before. 

Since  air  tainted  with  animal  or  vegetable 
putrefadtion  is  the  fame  thing  wdth  air  rendered 
noxious  by  animal  refpiration,  I  fhall  now  re- 
cite  the  obfervations  which  I  have  made  upon 
this  kind  of  air,  before  I  treat  of  the  method  of 
reftoring  them. 

That  thefc  two  kinds  of  air  are,  in  fadf,  the 
fame  thing,  I  conclude  from  their  having  feve- 
ral  remarkable  common  properties,  and  from 
their  differing  in  nothing  that  I  have  been  able 
to  obferve.  They  equally  extinguifli  flame, 
they  are  cc^ualiy  noxious  to  animals,  they  are 

equally. 
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equally,  and  in  the  fame  way,  offenfive  to  th(? 
fmell,  and  they  are  reftored  by  the  fame  means. 

Since  air  which  has  palTed  through  the  lungs 
is  the  fame  thifig  with  air  tainted  with  animal 
pntrefaftion,  it  is  probable  that  one  ufe  of  the 
lungs  is  to  carry  off  a  putrid .ejfiuviiim^  without 
which,  perhaps,  a  living  body  might  putrefy 
as  foon  as  a  dead  one. 

When  a  moufe  putrefies  in  any  given  quan¬ 
tity  of  air,  the  bulk  of  it  is  generally  increafed 
for  a  few  days ;  but  in  a  few  days  more  it  be¬ 
gins  to  Ihrink  up,  and  in  about  eight  or  ten 
days,  if  the  weather  he  pretty  w^arm,  it  will  be 
found  to  be  diniinifhed  or  f  of  its  bulk, 
If  It  do  not  appear  to  be  diminifhcd  after  this 
time,  it  only  requires  to  be  paffed  through  wa¬ 
ter,  and  the  diminution  will  riot  fail  to  be  fen- 
iible.  I  have  fometimes  known  almoft  the 
whole  diminution  to  taVee  place,  upon  once  or 
twice  pafiing  through  the  w^atcr.  The  fame  is 
the  cafe  \vith  air,  in  wTich  animals  have 
breathed  as  long  as  they  , could.  Alfo,  air  in 
which  candles  have  burned  out  may  almoft  al¬ 
ways  be  farther  reduced  by  this  means. 

All  thefe  proeejfTes,  as  I  obferved  before,  feem 
to  difpofe  the  compound  mafs  of  air  to  part  with 
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fome  conftituent  part  belonging  to  it  (which  ap¬ 
pears  to  be  the  fixed  air  that  enters  into  its  con- 
ilitution)  and  this  being  mifcible  with  water, 
muft  be  brought  into  contad:  with  it,  in  order 
to  mix  with  it  to  the  moil  advantage,  efpecially' 
when  its  union  with  the  other  conflitucnt  prin¬ 
ciples  of  the  air  is  but  partially  broken. 

$ 

I  have  put  mice  into  veffels  which  had  their 
mouths  immerfed  in  quickfiiver,  and  obferved 
that  the  air  was  not  much  contraded  after  they 
were  dead  or  eold  but  upon  withdrawing  the 
mice,  and  admitting  linie  water  to  the  air,  it 
immediately  became  turbid,  and  was  contradied 
in  its  dimenfions  as  ufual. 

I  tried  the  fame  thing  with  air  tainted  with 
putrefad:ion,  putting  a  deadmoufe  to  a  quan¬ 
tity  of  common  air,  in  a  velfel  which  had  its 
'  mouth  immerfed  iu  quickhlver,  and  after  a  week 
I  took  the  moufe  out,  drawing  it  through  the 
quicklilver,  and  obferved  that,  for  fome  time, 
there  was  an  apparent  increafe  of  the  air  per¬ 
haps  about  aV.  After  this,  it  flood  two  days 
in  the  quickfiiver,  without  any  fenfible  altera¬ 
tion  ;  and  then  admitting  water  to  it,  it  began 
to  be  abforbed,  and  continued  fo,  till  the  ori¬ 
ginal  quantity  was  diminifhed  about  6.  If,  in- 
Ikad  of  common  water,  I  had  made  ufe  of  lime- 
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■water  in  this  experiment,  I  make  no  doubt  but 
it  -would  have  become  turbid* 

If  a  quantity  of  lime-water  in  a  phial  be  put 
under  a  glafs  vefiel  (landing  in  water,  it  will 
not  become  turbid,  and  provided  the  accefs  of 
the  common  air  be  prevented,  it  will  continue 
limc-v/ater,  I  do  not  knov/  how  long  *,  but  if 
a  moufe  be  left  to  putrefy  in  the  velfel,  the 
water  will  depofit  all  its  lime  in  a  few  days- 
This  is  owing  to  the  fixed  air  depofited  by  the 
common  air,  and  perhaps  alfo  from  more  fixed 
air  difeharged  from  the  putrefying  fubftances 
in  fome  part  of  the  procefs  of  putrefaclion. 

The  air  that  is  difeharged  from  putrefying 
fubfianccs  feems,  in  fome  cafes,  to  be  chiefly 
fixed  air,  with  the  addition  of  fome  other  efflu¬ 
vium,  which  has  the  power  of  diminifliing  com¬ 
mon  air.  The  refemblance  between  the  true 
putrid  effluvium  and  fixed  air  in  the  following 
experiment,  which  is  as  decifive  as  1  can  pof- 
fibly  contrive  it,  appeared  to  be  very  great; 
indeed  much  greater  than  I  had  expedled.  I 
pur  a  dead  moufe  into  a  tall  giafs  veffel,  and 
having  filled  the  remainder  with  quickfilver,. 
and  fet  it,  inverted,  in  a  pot  of  quickfilver,  I 
let  it  (land  about  two  months,  in  which  time 
the  putrid  effluvium  iffuing  from  the  moufe 
bad  filled  the  whole  veflel^  and  part  of  the  dif- 
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folved  blood,  which  lodged  upon  the  fur- 
face  of  the  quickfilver,  began  to  be  thrown 
out.  I  then  filled  another  glafs  vefifel,  ,of 
the  fame  fize  and  fiiape,  with  as  pure  fixed* 
air  as  I  could^  make,  and  expofed  them  both, 
at  the  fame  time,  to  a  quantity  of  lime-water. 
In  both  cafes  the  w-ater  grew  turbid  alike, 
it  rofe  equally  fall  in  both  the  vefifels,  and  like- 
wife  equally  high  ;  fo  that  about  the  fame' 
quantity  remained  unabforbed  by  the  water. 
One  ot  thefe  kinds  of  air,  however,  was  ex- 
‘^ceedingly  fweet  and  pleafant,  and  the  other  in- 
fufferably  ofFenfive  ;  one  of  them  alfo  W'ould 
'  have  made  an  addition- to  any  quantity  of  com¬ 
mon  air,  with  which  it  had  been  mixed,  and  the 
other  would  have  diminifiied  it.  This,  at  lead, 
would  have  been  the  confeqnence,  if  the  moufe 
itfelfhadputrefied  in  any  quantity  of  common  air. 

\ 

It  feems  to  depend,  in  fome  meafure,  upon 
the  timey  and  other  circumftances,  in  the  diifo- 
lution  of  animal  or  vegetable  fubfiances,  whe¬ 
ther  they  yield  the  proper  putrid  effluvium,  or 
fixed,  or  inflammable  air;  but  the  experiments 
which  I  have  made  upon  this  fubjedf,  have  not 
been  numerous  enough  to  enable  me  to  decide 
with  certainty  concerning  thofe  circumftances. 

Putrid  -cabbage,  ^  green  or  boiled,  infefts 
the’  air  in  the  very  fame  manner  as  putrid 
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animal  fubflances.  Air  thus  tainted  is  equally 
contradled  in  its  dimenfions,  it  equally  extin- 
guiflies  flame,  and  is  equally  noxious  to  ani¬ 
mals  ;  but  they  alfcdt  the  air  very  different!  y^ 
if  the  heat  that  is  applied  to  them  be  con- 
fiderable. 

h 

I 

If  beef  or  mutton,  raw  or  boiled,  be  placed 
fo  near  to  the  fire,  that  the  heat  to  which  it  is 
expofed  fliall  equal,  or  rather  exceed,  that  of 
the  blood,  aconflderable  quantity  of  air  will  be 
generated  in  a  day  or  two,  about  fth  of  which  I 
have  generally  found  to  be  abforbed  by  water, 
while  all  the  reft  was  inflammable ;  but  air 
generated  from  vegetables,  in  the  fame  circum- 
ftances,  will  be  almoft  all  fixed  air,  and  no  part 
of  it  inflammable.  This  I  have  repeated  again 
and  againj  the  whole  procefs  being  in  quick- 
filvcr  s  fo  that  neither  common  air  nor  water, 
had  any  accefs  to  the  fubftance  on  which  the 
experiment  was  made  ;  and  the  generation  of 
air,  or  effluvium  of  any  kind,*  except  what  > 
might  be  abforbed  by  quickfilver,  or  reforbed 
by  the  fubftance  itfelf,  might  be  diftin»ftly 
noted. 

A  vegetable  fubftance,  after  ftanding  a  day 
or  two  in  thefe  circumftances,  will  yield  nearly 
all  the  air  that  can  be  extracted  from  it,  in  that 
degree  of  heat  j  whereas  an  animal  fubftance 
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ivill  continue  to  give  more  air,  or  effluvium,  of 
fome  kind  or  other,  with  very  little  alteration, 
for  many  weeks.  It  is  remarkable,'  however, 
that  though  a  piece  of  beef  or  mutton,  plunged 
in  qnickfilver,  and  kept  in  this  degree  of  heat,' 
yield  air,  the  bulk  of  which  is  inflammable, 
and  contradis  no  putrid  frriell  (at  leaft,  in  a  day 
or  two)  a  moufe  treated  in  the  fame  manner,' 
yields  the  proper  putrid  effluvium,  as  indeed 
the  fmell  fufliciently  indicates; 

That  the  putrid  effluvium'  will  mix  with  / 
water  feems  to  be  evident  from  the  following;  ? 
experiment.  If  a  moufe  be  put  into  a  jar  full 
of  watery  {landing  with  its  mouth  inverted  in 
another  veflel  of  water,  a  confiderable  quantity 
of  elaflic  matter  (and  tvhich  may,  therefore, 
be  called  air)  will  foon  be  generated,  unlefs  the 

w^eather  be  fo  cold  as  to  check  all  putrefa6lion.' 
After  a  fhort  time,  the  water  contrails  an  ex¬ 
tremely  fetid  and  offenfive  fmell,  which  feems 
to  indicate  that  the  putrid  effluvium  pervades 
the  water,  and  affedts  the  neighbouring  air  i 
and  fince,  after  this,  there  is  often  no  increafe 
of  the  air,  that  feems  to  be  the  very  fubftance 
which  is  carried  off  through  the  water,  as  fall 
as  it  is  generated  •,  and  the  offenfive  fmell  is  a 
fufficient  proof  that  it  is  not  fixed  air.  For 
this  has  a  very  agreeable  flavour,  whether  it  be 
produced  by  fermentation,  or  extradled  from 
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chalk  by  oil  of  vitriol ;  affecting  not  only  thtf 
mouth,  but  even  the  noftrils,  with  a  pungency 
which  is  peculiarly  pleahng  to  a  certain  degree^ 
as  any  perfon  may  eafily  fatisfy  himfelf,  who 
will  chufe  to  make  the  experiments* 

If  the  water  in  which  the  moufe  was  im- 
riierfed,  and  which  is  fatu rated  wdth  the  putrid 
air,  be  changed,  the  greater  part  of  the  putrid 
air,  will,  in  a  day  or  two,  be  abforbed,  though 
the  moufe  continues  to  yield  the  putrid  efflu¬ 
vium  as  before;  for  as  foon  as  this  frefli  water 
becomes  faturated  with  it,  it  begins-  to  be  offen- 
Tive  to  the  fmcll,  and  the  quantity  of  the  putrid 
air  upon  its  furface  increafes  as  before.  I  kept 
a  moufe  producing  putrid  air  in  this  manner  fot 

die  fpace  of  fe veral  months. 

% 

4  -i 

Six.ouncemeafures  of  air  not  readily  abforbed 
by  water,  appeared  to  have  been  generated  from 
one  moufe;  which  had-  been  putrefying  eleven 
days  in  confined  air,  before  it  was  put  into  a 
jar  .which  was  quite  filled  with  water,  for  the. 
purpole  of  this  obfervation. 

Air.  thus  generated  from  putrid  mice  Handing 
in  water,  w  ithout  any  mixture  of  common  air, 
extinguifhes  flame,  and  is  noxious  to  animals,  ■ 
but., not  more  fo  than  common  air  only  tainted 
with  putrefadion*  It  is  exceedingly  difficult 

and 
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and  tedious  to  colledt  a  quantity  of  this  putrid 
air,  not  mifcible  in  water,  lb  very  great  a  pro¬ 
portion  of  what  is  colie6led  being  abforbed  by 
the  water  in  which  it  is  kept ;  but  what  that 
proportion  is,  I  have  not  endeavoured  to  afcer- 
tain.  It  is  probably  the  fame  proportion  that 
that  part  of  fixed  air,  which  is  not  readily 
abforbed  by  water,  bears  to  the  reft;  and  there¬ 
fore  this  air,  which  Tat  firft  diftinguifhed  by 
the  name  of  the  putrid  effluvium^  is  probably  the 
fame  with  fixed  air,  mixed  with  the  phlogiflic 
matter,  which,  in  this  and  other  procefles^  dU 
minifhes  common -air,  - 

Though  a  quantity  of  common  air  be  dlmi- 
nifhed  by  any  lubftance  putrefying  in  it,  I  have 
not  yet  found  the  fame  effe<5l  to  be  produced  by 
a  mixture  of  putrid  air  with  common  air  ;  but, 
in  the  manner  in  which  I  have  hitherto  made 
the  experiment,  I  was  obliged  to  let  the  pu¬ 
trid  air  pafs  through  a  body  of  water;  which 
might  inllantly  abforb  the  phlogiitic  matter  that 
diminifhed  the  common  air. 

Infedls  of  various  kinds  live  perfeddly  well 
in  air  tainted  with  animal  or  vegetable  putre- 
facflion,  when  a  fingle  infpiration  of 'it  would 
have  inllantly  killed  any  other  animal.  I  have 
frequently  tried  the  experiment  with  flies  and 
butterflies.  The  aphides  alfo  will  thrive  as  well 
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upon  plants  growing  in  this  kind  of  air,  as  in 
the  open  air.  I  have  even  been  frequently 
obliged  to  take  plants  out  of  the  putrid  air  in 
which  they  were  growing,  on  purpofe  to  bruih 
away  the  fwarms  of  thefe  infeds  which  infeded 
them ;  and  yet  fo  effedually  did  fome  of  them 
conceal  themfelves,  and  fo  fail  did  they  mul¬ 
tiply,  in  thefe  circumftances,  that  I  could  fel- 
dom  keep  the  plants  quite  clear  of  them. ' 

When  air  has  been  frefhly  and  drongly 
tainted  with  putrefadion,  fo  as  to  fmell  through 
the  water,  fprigs  of  mint  have  prefently  died, 
upon  being  put  into  it,  their  leaves  turning 
black  ;  but  if  they  do  not  die  prefently,  they 
thrive  in  a  moft  furprizing  manner.  In  no 
other  circumftances  have  I  ever  feen  vegetation 
fo  vigorous  as  in  this  kind  of  air,  which  is 
immediately  fatal  to  animal  life.  Though  thefe 
plants  have  been  crouded  in  jars  filled  with  this 
air,  every  leaf  has  been  full  of  life ;  frelh  fhoots 
have  branched  out  in  various  diredions,  and  have 
grown  much  faller  than  other  limiUr  plants^ 
growing  in  the  fame  expofure  in  common  air. 

This  obfervation  led  me  to  conclude,  that 
plants,  inftead  of  affeding  the  air  in  the  fame 
manner  with  animal  refpiration,  reverfe  the 
effeds  of  breathing,  and  tend  to  keep  the  atmo- 
iphere  Iweet  and  wholefome,  when  it  is  become 
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noxious,  in  confequence  of  animals  either  living 
and  breathing,  or  dying  and  putrefying  in  it. 

In  order  to  afeertain  this,  I  took  a  quantity, 
of  air,  made  thoroughly  noxious, ,  by  mice 
breathing  and  dying  in  it,  and  divided  it  into 
two  parts  ;  one  of  which  I  put  into  a  phial 
immerfed  in  water ;  and  to  the  other  (which 
was  contained  in  a  glafs  jar,  {landing  in  water) 

I  put  a  fprig  of  mint.  This  was  about  the 
beginning  of  Auguft  1771,  and  after  eight  or 
nine  days,  I  found  that  a  moufe  lived  perfedlly 
well  in  that  p^rt  of  the  air,  in  which  the  fprig 
of  mint  had  grown,  but  died  the  moment  it  was 
put  into  the  other  part  of  the  fame  original  quan¬ 
tity  of  air;  and  which  I  had  kept  in  the  very  fame 
expofure,  but' without  any  plant  growing  in  it. 

This  experiment  I  have  fcveral  times  re¬ 
peated  ;  fometimes  tiling  air  in  which  animals 
had  breathed  and  died,  and  at  other  times  ufins: 
air,  tainted  with  vegetable  or  animal  putrefac¬ 
tion  *,  and  generally  with  the  fame  fuccefs. 

Once,  I  let  a  moufe  live  and  die  in  a  quantity 
of  air  which  had  been  noxious,  but  which  had 
been  reftored  by  this  procefs,  and  it  lived  nearly 
as  long  as  I  conjei^lured  it  might  have  done  in 
an  equal  quantity  of  freUt  air  ;  but  this  is  fo 
exceedingly  various,  that  it  is  noteafy  to  form 
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any  judgment  from  it ;  and  in  this  cafe  the 
fymptom  of  difficult  refpiratlon  fecmed  to  begin 
earlier  than  it  would  have  done  in  common  air. 

Since  the  plants  that  I  made  ufe  of  manifeflly 
grow  and  thrive  in  putrid  air :  fince  putrid 
matter  is  well  known  to  afford  proper  nourifli- 
ment  for  the  roots  of  plants  ;  and  fince  it  is 
like  wife  certain  that  they  receive  nourifliment 
by  their  leaves  as  well  as  by  their  roots,  it 
feems  to  be  exceedingly  probable,  that  the 
putrid  cfluvium  is  in  fome  meafure  extracted 
from  the  air,  by  means  of  the  leaves  of  plants, 
and  therefore  that  they  render  the  remainder 
more  fit  for  refpiration* 

Towards  the  end  of  the  year  fome  experi¬ 
ments  of  this  kind  did  hot  anfwer  fo  v/ell  as  they 
had  done  before,  and  I  had  inflances  of  the  re- 
lapfing  of  this  reflored  air  to  its  former  noxious 
ftate.  I, therefore  fufpended  my  judgment  con¬ 
cerning  the  efBcacy  of  plants  to  reflore  this  kind 
of  noxious  air,  till  I  fhould  have  an  opportunity 
of  repeating  my  experiments,  and  giving  more 
attention  to  them.  Accordingly  I  refuraed  the 
experiments  in  the  fummer  of  the  year  1772, 
when  I  prefently  had  the  mod  indifputable 
proof  of  the  redoration  of  putrid  air  by  vege¬ 
tation  •,  and  as  the  fadf  is  of  fome  importance,' 
and  the  fubfequent  variation  in  the  date  of  this 
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kind  of  air  is  a  little  remarkable,  I  think  it  ne- 
ccfiary  to  relate  fomc  of  the  .fadts  pretty  cir- 
cumftan  daily . 

The  air,  on  which  I  made  the  fird:  experi¬ 
ments,  was  rendered  exceedingly  noxious  by 
mice  dying  in  it  on  the  20th  of  June.  Into  a 
jar  nearly  filled  with  one  part  of  this  air,  I  put 
a  fprig  of  .mint,  while  I  kept  another  part  of 
it  in  a  phial,  in  the  fame  expofure  ;  and  on  the 
27th  of  the  fame  month,  and  not  before^  I 
made  a  trial  of  them,  by  introducing  a  moufe 
into  a  glafs  veiTei,  containing  2  ^  ounce  mea- 
fures  filled  with  each  kind  of  air  ;  and  I  noted 
the  following  fadts. 


When  the  vefiel  was  filled  with  the  air  in 
which  the  mint  had  grown,  a  very  large  morde 
lived  five  minutes  in  ir,  before  it  began  to  (hew 
any  fign  of  uneafinefs.  I  then  took  it  out, 
and  found  it  to  be  as  ilrong  and  vigorous  as 
when  it  was  firfi:  put  in ;  w^hereas  in  that  air 
which  had  been  kept  in  the  phial  only,  without 
a  plant  growing  in  it,  a  younger  moufe  con¬ 
tinued  not  longer  than  two  or  three  feconds, 
and  was  taken  out  quite  dead.  It  never  breathed 
after,  and  was  immediately  motionlefs.  After 
half  an  hour,  in  which  time  the  larger  moufe 
(which  I  had  kept  alive,  that  the  experiment 
might  be  made  on  both  the  kinds  of  air  with 
the  very  fame  animal)  would  have  been  fuffi- 
I  ciently 


) 


90  Ohfervaiions  on 

ciently  recruited,  fnppofing  it  to  have  received 
any  injury  by  the  former  experiment,  was  put 
Into  the  fame  velTel  of  air;  but  though  it  was 
withdrawn  again,  after  being  in  it  hardly  one 
fecond,  it  was  recovered  Vv^ith  difficulty,  not 
being  able  to  fliir  from  the  place  for  near  a 
minute.  After  two  days,  I  put  the  fame  moufe 
into  an  equal  quantity  of  common  air,  and 
obferved  that  it  continued  feven  minutes  with¬ 
out  any  hgn  of  uneahnefs ;  and  being  very 
uneafy  after  three  minutes  longer,  I  took  it  out. 
Upon  the  whole,  I  concluded  that  *  the  reftored 
ain  wanted  about  one  fourth  of  being  as  whole- 
fome  as  common  air.  The  fame  thing  alfo  ap¬ 
peared  when  I  applied  the  tell  of  nitrous  air. 

In  the  feven  days,  in  which  the  mint  was 
growing  in  this  jar  of  noxious  air,  three  old 
Ihoots  had  extended  themfelves  about  three 
inches,  and  feveral  new  ones  had  made  their 
appearance  in  the  fame  time.  Dr.  Franklin  and 
Sir  John  Pringle  happened  to  be  with  me,  when 
the  plant  had  been  three  or  four  days  in  this 
ftate,  and  took  notice  of  its  vigorous  vegeta¬ 
tion,  and  remarkably  healthy  appearance  in 
that  confinement. 

On  the  30th  of  the  fame  month,  a  moufe 
lived  fourteen  minutes,  breathing  naturally  all 
the  time,  and  without'  appearing  to  be  much 

uneafy, 
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uneafy,  till  the  latt  two  minutes,  in  the  vefTel 
containing  two  ounce  meafures  and  a  half  of  air 
which  had  been  rendered  noxious  by  mice 
breathing  in  it  almoft  a  year  before,  and  which 
I  had  found  to  be  moil  highly  noxious  on  the 
1 9th  of  this  month,  a  plant  having  growm  in 
it,  but  not  exceedingly  well,  thefe  eleven  days ; 
on  which  account  I  had  deferred  making  the 
triaUfo  long.  The  reftored  air  was  affedted  by 
a  mixture  of  nitrous  air,  almoft  as  much  as 
common  air. 

As  this  putrid  air  was  thus  ealily  reftored  to 
a  conliderable  degree  of  fitnefs  for  refpiration, 
by  plants  growing  in  it,  I  was  in  hopes  that  by 
the  fame  means  it  might  in  time  be  fo  much 
more  perfectly  reftored,  that  a  candle  would 
burn  it  it ;  and  for  this  purpofe  I  kept  plants 
growing  in  the  jars  which  contained  tnis  air  till 
the  middle  of  Auguft  following,  but  did  not 
take  fufficient  care  to -pull  out  all  the  old  and 
rotten  leaves.  The  plants,  however,  had  grown, 
and  looked  fo  well  upon  the  whole,  that  I  had 
no  doubt  but  that  the  air  muft  conltantly  have 
been  in  a  mending  ftate*,  when  I  was  exceedingly 
furprized  to  find,  on  the  24th  of  that  month, 
that  though  the  air  in  one  of  the  jars  had  not 
grown  worfe,  it  was  no  better ;  and  that  the  air 
in  the  other  jar  was  fo  much  worfe  than  it  had 
been,  that  a  moufe  would  have  died  in  it '  in  a 
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few  feconds.  It  alfo  made  no  efferyefcence 
with  nitrous  air,  as  it  had  done  before. 


Sufpeding  that  the  fame  plant  might  be 
capable  of  refloring  putrid  air  to  a  certain  de¬ 
gree  only,  or  that  plants  might  have  a  contrary- 
tendency  in  fome  flagcs  of  their  growth,  I  with¬ 
drew  the  old  plant,  and  put  a  freih  one  in  its 
place ;  and  found  that,  after  leven  days,  the 
air  was  reftored  to  its  former  wholefomc  ftate. 
This  fafl  l  confider  as  a  very  remarkable  one, 
and  well  dcferving  of  a  farther  inveftigation,  as 
it  may  throw  more  light  upon  the  principles  of 
vegetation.  It  is  not,  however,  a  fingle  fa6t  ^ 
for  I  had  feverai  inilances  of  the  fame  kind  in 
the  preceding  year;  but  it  feemed- fo  very 
extraordinary,  that  air  fliould  grow  worfe  by 
the  continuance  of  the  fame  treatment  by  which 
it  had  grown  better,  that,  Vv  henever  I  obferved 
it,  I  concluded  that  I  had  not  taken  fufficient 
care  to  fatisfy  myfelf  of  its  previous  refto- 
ration. 


That  plants  are  capable  of  perfedily  refloring 
air  injured  by  refpiration,  may,  I  think,  be  in¬ 
ferred  with  certainty  fiom  the  perfedl  reilora- 
tion,  by  this  means,  of  air  which  had  paffed 
through  my  lungs,  fo  that  a  candle  would  burn 
in  it  again,  though  it  had  extinguifhed  flame 
before,  and  a  part  of  the  fame  original  quantity 
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t)f  air  ftill  continued  to  do  fo.  Of  this  one  ' 
inftancc  occurred  in  the  year  1771,  a  fprig  of 
mint  having  grown  in  ajar  of  this  kind  of  air, 
from  the  25th  of  July  to  the  17th  of  Auguft 
following;  and  another  trial  I  made,  with  the 
fame  fuccefs,  the  7th  of  July  1772,  the  plant 
having  grown  in  it  from  the  29th  of  June  pre- 
ceding.  In  this  cafe  alfo  I  found  that  the  effedt 
was  not  owing  to  any  virtue  in  the  leaves  of 
mint ;  for  I  kept  them  conftantly  changed  ia 
a  quantity  of  this  kind  of  air,  for  a  confider- 
•able  time,  without  m.akino;  anv  fenfible  altera* , 
tion  in  it, 

Thefe  proofs  of  a  partial  reftoration  of  air 
by  plants  in  a  ftate  of  vegetation,  though  in  a 
confined  and  unnatural  fituation,  cannot  but 
render  it  highly  probable,  that  the  injury  which 
is  continually  done  to  the  atmofphere  by  the 
refpiration  of  fuch  a  number  of  animals,  and 
the  piitrefadfionof  fuchmaffes  of  both  vegetable 
and  animal  matter,  is,  in  part  at  leafi,  repaired 
by  the  vegetable  creation.  And,  notwithfland- 
ing  the  prodigious  mafs  of  air  that  is  corrupted 
daily  by  the  above-mentioned  caufes  ;  yet,  if 
weconfider  the  immenfeprofufion-of  vegetables 
upon  the  face  of  the  earth,  growing  in  places 
'fuited  to  their  nature,  and  confcquently  at  full 
liberty  to  exert  all  their  powers,  both  inhaling 
and  exhaling,  it  can  hardly  be  thought,  but 
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that  it  may  be  a  fufficient  counterbalance  to  It^ 
and  that  the  remedy  is  adequate  to  the  evil. 

•  i 

Dr.  Franklin,  who,  as  I  have  already  obferv- 
ed,  law  fome  of  my  plants  in  a  very  flourilhing 
Hate,  in  highly  noxious  air,  was  pleafed  to  ex-^ 
prefs  very  great  fatisfaclion  with  the  refult  of 
the  experiments.  In  his  anfwer  to  the  letter  in 
which  I  informed  him  of  it,  he  fays. 

That  the  vegetable  creation  fliolild  reftorc 

o  » 

the  air  which  is  fpoiled  by  the  animal  part  of 
“  it,  looks  like  a  rational  fyfiem,  and  feems  to 
be  of  a  piece  with  the  reft.  Thus  fire  puri- 
fies  water  all  the  world  over.  It  purifies  it 
by  diftillation,  when  it  raifes  it  in  vapours, 
and  lets  it  fall  in  rain  ;  and  farther  ftill  by  fil- 
tration,  when,  keeping  it  fluid,  it  fuffers  that 
rain  to  percolate  the  earth.  We  knew  be- 
fore  that  putrid  animal  fubftances  were  con- 
‘‘  verted  into  fweet  vegetables,  when  mixed  with 
the  earth,  and  applied  as  manure  \  and  now„ 
it  feems,  that  the  fame  putrid  fubftancesy 
mixed  with  the  air,  have  a  fimilar  efre(ft. 
The  ftrong  thriving  ftate  of  your  mint  in  pu- 
trid  air  feems  to  fhew  that  the  air  is  mended 
by  taking  fomething  from  it,  and  not  by  ad- 
ding  to  it.”  He  adds,  I  hope  this  will 
give  fome  check  to  the  rage  cf  deftroying 
trees  that  grow  near  houfes,  which  has 


Air  infe£fed  with  Animal  Respiration^  95 

accompanied  our  late  improvements  in 
gardening,  from  an  opinion  of  their  being 
“  unwholefome.  I  am  certain,  from  longob- 
fervation,  that  there  is  nothing  unhealthy  in 
the  air  of  woods ;  for  we  Americans  have* 
every  where  our  country  habitations  in  the 
midll;  of  woods,  and  no  people  on  earth  en- 
joy  better  health,  or  are  more  prolific/* 

Having  rendered  inflammable  air  perfedlly  in¬ 
noxious  by  continued  agitation  in  a  trough  of 
zvater^  deprived  of  its  air,  I  concluded  that 
other  kinds  of  noxious  air  might  be  reftorcd  by 
the  fame  means  ;  and  I  prefently  found  that  this 
was  the  cafe- with  putrid  air,  even  of  more  than 
a  year’s  {landing.  I  fhall  obferve  once  for  all, 
that  this  procefs  has  never  failed  to  refiore  any 
kind  of  noxious  air  on  which  I  have  tried  it, 
viz.  air  injured  by  refpiration  or  putrefadlion, 
air  •  infedled  with  the  fumes  of  burning  char¬ 
coal,  and  of  calcined  metals,  air  in  which  a 
mixture  of  iron  filings  and  brimftone,  that  in 
which  paint  made  of  white  lead  and  oil  has 
flood,  or  air  which  has  been  diminifiied  by  a 
mixture  of  nitrous 'air.  Of  the  remarkable  ef¬ 
fect  which  this  procefs  has  on  nitrous  air  itfelf, 

•  an  account  will  be  given  in  its  proper  place. 

If  this  procefs  be  made  in  water  deprived  of 
air,  either  by  the  air-pump,  by  boiling,  or  by  dif- 

tillation. 
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tillation,  or  if  frelh  rain-water  be  ufed,  the  air 
will  always  be  diminilhed  by  the  agitation  ;  and 
this  is  certainly  the  fairefl:  method  of  making 
the  experiment.  If  the  water  be  frefli  pump- 
water,  there  will  always  be  an  incrcafe  of  the 
air  by  agitation,  the  air  contained  in  the  water 
being  fet  loofe,  and  joining  that  which  is  in  the 
jar.  In  this  cafe,  alfo,  the  air  has  never  failed 
/  to  be  reftored  *,  but  then  it  might  be  fufpedled 
that  the  rrielioration  was  produced  by  the  addi¬ 
tion  of  fome  more  wholefome  ingredient.  As 
thefe  agitations  were  made  in  jars  with  wide 
mouths,  and  in  a  trough  which  had  a  large  fur« 
face  expofed  to  the  common  air,  I  take  it  for 
granted  that  the  noxious  effluvia,  whatever  they 
be,  were  hrfl  imbibed  by  the  water,  and  there-- 
by  tranfmitted  to  the  common  atmofphere.  In 
fome  cafes  this  was  fufficiently  indicated  by  the 
difagreeable  fmell  which  attended  the  opera¬ 
tion. 

After  I  had  made  thefe  experiments,  I  was 
informed  that  an  ingenious  phyfician  and  philo- 
fopher  had  kept  a  fowl  alive  twenty-four  hours, 
in  a  quantity  of  air  in  which  another  fowl  of  the 
fame  hze  had  hot  been  able  to  live  longer  than 
an  hour,  by  contriving  to  make  the  air,  which 
it  breathed,  pafs  through  no  very  large  quan¬ 
tity  of  acidulated  water,  the  furface  of  which 
was  not  expofed  to  the  common  air  j  and  that 

even 
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even  when  the  water  was  not  acidulated,  the 
fowl  lived  much  longer  than  it  could  have  done,' 
if  the  air  which  it  breathed  had  not  been' drawn 
through  the  water.  '  -  ^ 

^  '  t 

As  I  fhould  not  have  concluded  that  this  ex- 

■  f 

periment  would  have  fucceeded  fo  well,  from 
any  obfervations  that  I  had  made  upon  the  fub- 
jedl,  I  took  a  quantity  of  air  in  which  mice  had 
died,  and  agitated  it  very  flrongly,  firft  ini 
about  five  times  its  own  quantity  of  diflilled 
water,  in  the  manner  in  which  I  had  impreg¬ 
nated  water  with  fixed  air ;  but  though  the 
operation  was  continued  a  long  time^  it  made 
no  fenhble  change  in  the  properties  of  the  air.' 
I  alfo  repeated  the  operation  with  punip-water, 
but  with  as  little  effedl.  In  this  cafe,  however,' 
though  the  air  was  agitated  in  a  phial,  which 
had  a  narrow  neck,  the  furface  of  the  water  iri 
the  bafcn  was  confiderably  large,  and  expofcd 
to  the  common  atmofphcre,  which  mull  have 
tended  a  little  to  favour  the  experiment. 

i 

\ 

\ 

In  order  to  judge  more  precifely  of  the  effedt 
®f  thefc  different  methods  of  agitating  air,  I 
•  transferred  the  very  noxious  air,  which  I  had 
not  been  able  to  amend  in  the  lead  degree  by 
the  former  method,  into  an  open  jar,  {landing 
in  a  trough  of  water;  and  when  I  had  agitated 
it  till  it  was  diminifhed  about  one  third,  I  found 

H  it 
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it  to  be  better  than  air  in  which  candles  had 
burned  out,  as  appeared  by  the  teft  of  the  ni¬ 
trous  air  ;  and  a  moufe  lived  in  27  ounce  mea- 
iures  of  it  a  quarter  of  an  hour,  and  was  nof 
fenfibly  affed:ed  the  firft  ten  or  twelve  minutes. 

t 

Iri  order  to  determine  whether  the  addition  of 
any  acid  to  the  water,  would  make  it  'more  ca¬ 
pable  of  reftoring  putrid  air,  I  agitated  a  quan¬ 
tity  of  it  in  a  phial  containing  very  Itrong  vi¬ 
negar  ;  and  after  that  in  aqua  fortis^  only  half 
diluted  with  water  j  but  by  neither  of  thefc 
proceffes  was  the  air  at  all  mended,  though  the 
agitation  was  repeated,  at  intervals,  during  a 
whole  day,  and  it  was  moreover  allowed  to* 
Hand  in  that  lituation  all  night. 

Since,  however,  water  in  thefe  experiments 
muft  have  imbibed  and  retained  a  certain  por¬ 
tion  of  ,the  noxious  effluvia,  before  they  could 
be  tranfmitted  to  the  external  air,  I  do  not  think 
it  improbable  but  that  the  agitation  of  the  fea 
and  large  lakes  may  be  of  fome  ufe  for  the  pu¬ 
rification  of  the  atmofphere,  and  the  putrid 
matter  contained  in  water  may  be  imbibed  by 
aquatic  plants,  or  be  depofitcd  m  fome  other 
manner. 

Having  found,  by  feveral  experiments  above- 
mentioned,  that  the  proper  putrid  effluviun^ 


Air  mf eBed  with  Animal  Reffirathriy 

is  fomething  quite  dlftin6t  from  fixed  air,  and 
finding,  by  the  experiments  of  Dr.  Macbride^  ' 
that  fixed  air  corre6ts  pntrefadtioh  ;  it  occured 
to  me,  that  fixed  air,  and  air  tainted  with  pu**" 
trefadlion,'  though  equally  noxious  when  fepa- 
rate,  might  make  a  wholefome  mixture,  the 
one  corredting  the  other;  and  I  was  confirmed 
in  this  opinion  by,  I  believe,  nbt  lefs  than  fifty 
or  fixty  itiftances,  in  which  air,  that  had  beeii 
made  in  the  higheft  degree  noxious^  by  refpira- 
tion  or  putrefa^ion,  wa,s  fo  far  fweetened,  by 
a  mixture  of  about  four  times  as  much  fixed 
air,  that  afterwards  mice  lived  in  it'  exceedingly 
well,  and  in  fome  cafes  almoft  as  long  as  in' 
common  air,  I  found  it,-  indeed,  tb  be  more 
difficult  to  reftore  bid  putrid  air  by  this  means  i 
but  I  hardly  ever  failed  to  do  it,  when  the  two 
kinds  of  air  had  flood  a  long  time  together  ;  by 
which  I  m.ean  about  a  fortnight  or  three  weeks. 

The  reafoh  why  I  do  not  abfolutely  conclude* 
that  the  refloration  of  air  in  thefe  cafes  was  the' 
effect  of  fixed  air,  is  that,  when  I  made  a'  trial 
of  the  mixture,  I  fometimes  agitated  die  two’ 
kinds  of  air  pretty  ftrongfy  together,  in  a 
trough  of  water,  or  at  leaft  paffed  it  feveral 
times  through  water,  from  one  jar  to  ano¬ 
ther,  that  the  fuperfluous  fixed  air  might  be 
abforbed,  not  fufpe£ting  at  that  time  that  the 
agitation  could  have  any  other  effedl.  But 

H  2  having 
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having  fmce  found  that  very  violent,  and  efpe- 
dally  long-continued  agitation  in  water,  without 
any  mixture  of  fixed  air,  never  failed  to  render 
any  kind  of  noxious  air  in  fome  meafure  fit  for 
refpiration  (and  in  one  particular  inftance  the 
mere  transferring  of  the  air  from  one  vefiTcl  to 
ajiother  through  the  water,  though  for  a  much 
longer  time  than  I  ever  ufed  for  the  mixtures 
of  air,  was  of  confiderable  ufe  for  the  fame 
purpofe)  I  began  to  entertain  fome  doubt  of 
the  efficacy  of  fixed  air  in  this  cafe.  In  fome 
cafes  alfo  the  mixture  of  fixed  air  had  by  no 
means  fo  much  effedt  on  the  putrid  air  as, 
from  the  generality  of  my  obfervations,  I 
ihould  have  expeded. 

I  was  always  aware,  indeed,  that  it  might  be 
faid,  that,  the  refiduum  of  fixed  air  not  being 
very  noxious,  fuch-  an  addition  mufl;  contribute 
to  mend  the  putrid  air ;  but,  in  order  to  obvi¬ 
ate  this  objection,  I  once  mixed  the  refiduum 
of  as  much  fixed  air  ag  I  had  found,  by  a  va¬ 
riety  of  trials,  to  be  lufficient  to  reftore  a  given 
quantity  of  putrid  air,  with  an  equal  quantity 
of  that  air,  without  making  any  fenfiblc  me¬ 
lioration  of  it. 

Upon  the  whole,  I  am  inclined  to  think  that 
this  procefs  could  hardly  have  fucceeded  fa 
well  as  it  did  with  me,,  and  in  fo  great  a  num¬ 
ber 
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ber  of  trials,  unlefs  fixed  air  have  fome  ten^ 
dency  to  corredt  air  tainted  with  refpiration  or 
putrefadiion  *,  and  it  is  perfectly  agreeable  to 
the  analogy  of  Dr.  Maebride’s  difeoveries,  and 
may  naturally  be  expeded  from  them,  that  it 

fhould  have  fuch  an  effed:* 

«'• 

By  a  mixture  of  fixed  air  I  have  made 
wholefome  the  refiduum  of'  air  generated  by 
putrefadion  only,  from  mice  plunged  in  water. 
This,?  one  would  imagine,  a  priori^  to  be  the 
moft  noxious  of  all  kinds  of  air.  For  if  epm- 
mon  air  only  tainted  with  putrefadion  be 
fo  deadly,  much  more  might  one  exped  that 
air  to  be  fo,  which  was  generated  from  putre- 
fadion  oiily  ;  but  it  feems  to  be  nothing  more 
than  common  air  (or  at  leaf;  that  kind  of  fixed 
air  which  is  not  abforbed  by  v/ater)  tainted 
with  putrefadion,  and  therefore  requires  no 
other  procefs  to  fweeten  it.  In  this  cafe,  how¬ 
ever,  we  feem  to  have  an  inftance  of  the  gene¬ 
ration  of  genuine  common  air,  though  mixed 
with  fomething  that  is  foreign  to  it.  Perhaps 
the  refiduum  of  fixed  air  may  be  another  in- 
fiance  of  the  fame  nature,  and  alfo  the  refiduum 
of  inflammable  air,  and  of  nitrous  air,  efpeci- 
ally  nitrous  air  loaded  with  phlogiflon,  after 
long  agitation  in  w^ater. 

H  3 
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Fixed  air  is  equally  diffufcd  through  thp 
whole  mafs  of  any  quantity  of  putrid  air  with 
which  it  is  mixed  :  for  dividing  the  mixture  in¬ 
to  two  equal  parts,  they  were  reduced  in  the 
fame  proportion  by  palling  through  water.  -But 
this  is  alfo  the  cafe  with  fome  of  the  kinds  of 
air  which  will  not  incorporate,  as  inflammable 
air,  and  air  in  which  brimftone  has  burned, 

I  '  •  .  ...  t 

If  fixed  air  tend  to  correct  air  which  has 
been  injured  by  animal  refpiration  or  putre¬ 
faction,  lime^kilns^  which  difehargd  great  quanr 
titles  of  fixed  air,  may  be  wholefome  in  the 
neighbourhood  of  populous  cities,  the  atmo- 
fphere  of  which  mull  abound  with  putrid  ef¬ 
fluvia.  I  lliould  think  alfo  that  phyficians 
might  avail  themfelves  of  the  application  of 
fixed  air  in  many  putrid  diforders,  efpecially 
as  it  may  be  fo  eafily  adminiftered  by  way  of 
clyfier^  where  it '  would  often  find  its  way  to 
much  of  the  putrid  matter.  Nothing  is  to  be 
apprehended  from  the  diftention  of  the  bowels 
by  this  kind  of  air,  fince  it  is  fo  readily  ab- 
forbed  by  any  fluid  or  moifl;  fubftance, 

% 

Since  fixed  air  is  not  noxious  per  fe^  but, 
like  fire,  only  in  excefs,  I  do  not  think  it  at  all 
hazardous  to  attempt  to  breathe  it.  It  is  how¬ 
ever  eafily  conveyed  into  the  fiomach^  in  na¬ 
tural  or  artificial  Pyrmont  water,  in  brilkly-? 
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fermenting  liquors,  or  a  vegetable  diet.  It  is 
even  pofTible,  that  a  confiderable  quantity 
of  fixed  air  might  be  imbibed  by  the  ab- 
forbing  vefiTels  of  the  fkin,  if  the  whole  body, 
except  the  head,  fiiould  be  fufpended  over  a 
vefiel  of  ftrongly-fermenting  liquor  ^  and  in 
fome  putrid  diforders  this  treatment  might  be 
very  falutary.  If  the  body  was  expofed  quite 
naked,  there  would  be  very  little  danger  from 
the  cold  in  this  fituation,  and  the  air  having 
freer  accefs  to  the  fkin  might  produce  a  greater 
effeft,  Being  no  phyfician,  1  run  no  rifle  by 
throwing  out  thefe  random,  and  perhaps  whim? 
fical  propofals.* 


i 


Having  communicated  my  obfervations  on 
fixed  air,  and  efpecially  my  fcheme  of  applying 
it  by  way  of  clyfier  in  putrid  diforders,  .to  Mr. 
Hey,  an  ingenious  furgeon  in  Leeds  a  cafe 
prefently  occurred,  in  which  he  had  an  op¬ 
portunity  of  giving  it  a  trial ;  and  mentioning 
it  to  Dr,  Hird  and  Dr.  Crowther,  two  phyfi- 
cians  who  attended  the  patient,  they  approved 
the  fcheme,  and  it  was  put  in  execution  ;  both 
by  applying  the  fixed  air  by  way  of  clyfier, 
and  at  the  fame  time  making  the  patient  drink 
plentifully  of  liquors  flrongly  impregnated  with 


I 


*  Some  time  after  thefe  papers  were  firfl:  printed,!  was 
pleafed  to  find  the  lame  propofal  in  Dr*  Alexander"* i  Expe** 
rimental  EJfayu 
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it.  The ’event  was  fuch,  that  I  requefled  Mr, 
Hey  to  draw  up  a  particular  account  of  the  cafe, 
defcribing  the  whole  of  che  treatment,  that  the 
public  might  be  fatisfied  that  this  new  appli¬ 
cation  of  fixed  air  is  perfcdlly  fafe,  and  alfo, 
have  an  opportunity  of  judging  how  far  it  had 
the  effcdj:  which  I  expedted  from  it  •.  and  as  the 
application  is  new,  and  not  unpromiling,  I  fhall 
fubjoin  his  letter  to  me  on  the  fubjed,  by  way 
of  Appendix  to  thefe  papers. 

When  I  began  my  inquires  into  the  pro¬ 
perties  of  different  kinds  of  air,  I  engaged  my, 
friend  Dr.  Percival  to  attend  to  the  medicinal 
ufes  of  them,  being  fenfible  that  his  knowledge 
of  philofophy  as  well  as  of  medicine  would  give' 
him  a  fingular  advantage  for  this  purpofe. 
Th^  rcfult  of  his  obferyatipns  I  fhall  alfo  .in-^ 
fet  in  the'  Appendix.^^ 
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SECTION  V. 

Of  Air  in  which  a  mixture  of  Brimstone  and 
Filings  c/Iron  has  food, 

/ 

Reading  in  Dr,  Hales’s  account  of  his  .ex¬ 
periments,  that  there  was  a  great  diminution  of 
.the  quantity  of  air  in  which  a  mixture  of  pow^ 
dered  hrimflone  and  filings  of  iron^  made  into 
a  pafie  with  water ^  had  flood,  I  repeated  the 
experiment,  and  found  the  diminution  greater 
than  I  had  expedled.  This  diminution  of  air 
is  made  as  effeclually,  and  as  expedition  fly, 
in  quickfilver  as  in  water  ;  and  it  may  be  mea- 
fured  with  the  greatefl  accuracy,  becaufe  there 
is  neither  any  previous  expanfion  or  increafe  of 
the  quantity  of  air,  and  becaufe  it  is  fome  time 
before  this  procefs  begins  to  have  any  fenfible 
effedt.'  This  diminution  of  air  is  various  ;  but 
I  have  generally  found  it  to  be  between  one 
fifth  and  one  fourth  of  the  whole. 

*  r  ' 

^  0 

Air  thus  diminifhed  is  not  heavier,  but  ra¬ 
ther  lighter  than  common  air ;  and  though 
lime-water  does  not  become  turbid  when  it  is 
expofed  to  this  air,  it  is  probably  owing  to  the 
formation  of  a  felenitic  fait,  as  was  the  cafe 
with  the  fimple  burning  of  brimflone  above¬ 
men- 
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^  / 

mentioned.  That  fomething  proceeding  from 
the  brimftone  ftrongly  afFe<5ls  the  water  which 
is  confined  in  the  fame  place  with  this  mixture, 
IS  manifefi;  from  the  very  ftrong  fmell  that  it  has 
of  the  volatile  fpirit  of  vitriol, 

I  conclude  that  the  diminution  of  air  by  this 
procefs  is  of  the  fame  kind  with  the  diniinution 
of  it  in  the  other  cafes,  becaufe  when  this  mix¬ 
ture  is  put  into  air  which  has  been  previotifiy  di- 
fninilhed,  either  by  the  burning  of  candles,  by 
'  refpiration,  or  putrefadtion,  though  it  never 
fails  to  diminifli  it  fomething  more,  it  is,  how¬ 
ever,  no  farther  than  this  procefs  alone  would 
have  done  it.  If  a  frefli  mixture  be  introduced 
into  a  quantity  of  air  which  had  been  reduced 
by  a  former  mixture,  it  has  little  or  no  farther 
effed:. 

I  once  qbferved,  that  when  a  mixture  of  this 
kind  was  taken  out  of  a  quantity  of  air  in  which 
a  candle  had  before  burned  out,  and  in  which  it 
had  flood  for  feveral  days,  it  was  quite  cold 
and  black,  as  it  always  becomes  in  a  confined 
place  ;  but  it  prefently  grew  very  hot,  fmoak- 
ed  copoufly,  and  fmelled  very  offenfively; 
and  when  it  was  cold,  it  was  brown,  like  the 
ruft  of  iron. 


I  once 
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I  once  put  a  mixture  of  this  kind  to  a  quan¬ 
tity  of  inflammable  ^ir,  made  from  iron,  by 
which  means  it  was  diminilhed  ~  or  in  its 
bulk  ;  but,  as  far  as  I  could  judge,  it  was 
Hill  as  inflammable  as  ever.  Another  quan¬ 
tity  of  inflammable  air  was  alfo  reduced  in  the 
fame  proportion,  by  a  moufe  putrefying  in 
it;  but  its  inflarnmability  was  not  feemingly 
leflencd. 

> 

Air  dlminiflicd  by  this  mixture  of  iron  filings 
and  brimftone,  is  exceedingly  noxious  to  ani¬ 
mals,  and  I  have  not  perceived  that  it  grows 
any  better  by  keeping  in  water.  The  fmell  of 
it  is  very  pungent  and  ofFenfive. 

The  quantity  of  this  mixture  which  I  made 
ufe  of  in  the  preceding  experiments,  was  from 
two  to  four  ounce  meafures  ;  but  I  did  not 
perceive,  but  that  the  diminution  of  the  quan¬ 
tity  of  air  (which  was  generally  about  twenty 
ounce  meafures)  was  as  great  with  the  fmalleft, 
as  with  the  largeft  quantity.  How  fmall  a 
quantity  is  neceflTary  to  diminilh  a  given  quan¬ 
tity  of  air  to  a  maximum,  I  have  made  no  expe¬ 
riments  to  afeertain. 

« 

As  foon  as  this  mixture  of  iron  filings  with 
brimftone  and  water,  begins  to  ferment,  it  alfo 
turns  black,  and  begins  to  fwell,  and  it  con¬ 
tinues 
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tinues  to  do  fo,  till  it  occupies  twice  as  much 

fpace  as  it  did  at  firft.  The  force  with  which 

it  expands  is  great ;  but  how  great  it  is  I  have 

not  endeavoured  to  determine.  '  ’ 

•  < 

‘f  .  •  f 
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When  this  mixture  is  immerfed  in  water,  it 
generates  no  air,  though  it  becomes  black,  and 
fwells. 

/  ..V 

S  E  C.  T  I  O  N  VI. 

Of  NITROUS  Air. 

Ever  lince  I  firft  read  Dr.  Hales’s  moft  ex¬ 
cellent  Eff’ays^  I, was  particularly  ftrnck 

with  that  experiment  of  his,  of  which  .an  ac¬ 
count  is  given,  Voi.  I.  p.  224.  and  Vol.  II. 
p.  280.  in  which  common  air,  and  air  gene¬ 
rated  from  the  Walton  pyrites,  by  fpirit  of 
nitre,  made  a  turbid  red  mixture,  and  in  which 
part  of  the  common  air  was  abforbed  ;  .but  I 
never  expedled  to  have  the  fatisfadtion  of  feeing 
this  remarkable  appearance,  fuppofing  it  to  be 
peculiar  to  that  particular  mineral.  Happen¬ 
ing  to  mention  this  fubjedt  to  the  Hon.  Mr. 
Cavendifh,  when  I  was  in  London,  in  the 
fpring  of  the  year  1772,  he  faid  that  he  did 
not  imagine  but  that  other  kinds  of  pyrites, 

or  the  metals  might  anfv/er  as  vvell,  and  that 

pro- 
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probably  the  red  appearance  of  the  mixture 
depended  upon  the  fpirit  of  nitre  only.  This 
encouraged  me  to  attend  to  the  fubje<51: ;  and 
having  no  pyrites,  I  began  with  the  folution  of 
the  different  metals  in  fpirit  of  nitre,  and  catch¬ 
ing  the  air  which  was  generated  in  the  folution, 
I  prefently  found  what  I  wanted,  and  a  good 
deal  more.  . 

Bes:lnnino[  with  the  folution  of  brafs,  on  the 
4th  of  June  1772,  I  firfl  found  this  remark¬ 
able*  fpecies  of  air,  only  one  effedf  of  which, 
was  cafually  obferved  by  Dr.  Hales ;  and  he 
gave  fo  little  attention  to  it,  and  it  has  been 
fo  much  unnoticed  fince  his  time,  that,  as 
far  as  I  know,  no  name  has  been  given  to  it* 

I  therefore  found  myfelf,  contrary  to  my  firft 
refolution,  under  an  abfolute  neceffity  of  giv¬ 
ing  a  name  to  this  kind  of  air  myfelf.  When 
I  firfl  began  to  fpeak  and  write  of  it  to 
my  friends,  I  happened  to  diflinguifh  it  by 
the  name  of  nitrous  air^  becaufe  I  had  pro- 
'cured  it  by  means  of  fpirit  of  nitre  only  ;  and 

though  I  cannot  fay  that  I  altogether  like  the 
term,  neither  myfelf  nor  any  of  my  friends, 
to  whom  I  have  applied  for  the  purpofe,  have 
been  able  to  hit  upon  a  better ;  fo  that  I 
am  obliged,  after  all,  to  content  myfelf 
with  it- 


I  have 
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I  have  found  that  this  kind  of  air  is  readily 
procured  from  iron,  copper,  brafs,  tin,'  filver^’ 
quickfilver,  bifmiuth,  and  nickel^'  by  the  ni¬ 
trous  acid  only,  arid  from  gold  a;nd  the  regulus 
of  antimony '  by  aqUd  tepid.  The  circum- 
llances  attending  the  foliitiOn  of  each  of  thefe 
metals  are  various,  but  hafdly  worth  mention¬ 
ing,  in  treating  of  the  properties  of  the  air 
which  they  yield  *,  which,  from  what  metal  fo- 
evcr  it  is  extraded,  has,  as  far  as  I  have  been 
able  to  obferve,  the  very  fame  properties. 

One  of  the  moftxOnfpicuous  propertie's  of 
this  kind  of  air  is  th^  great  diminution  6f  any 
quantity  of  common  air^with  which  it  is  mix¬ 
ed,  attended  with  a  turbid  red,  or  deep  orange  ^ 
colour,  and  a  conliderable  heat.  The  fmell 
of  it,  alfo,  is  very  ftrong,  and  remarkable, 
but  very  much  refembling  that  of  fmoking  fpi- 
rit  of  nitre. 

The  diminution  of  a  mixture  of  this  and 
common  air  is  not  an  equal  diminution  of  both 
the  kinds,  which  is  all  that  Dr.  Hales  could 
obferve,  but  of  about  one  fifth  of  the  com¬ 
mon  air,  and  as  much  of  the  nitrous  air  as  is 
necefiary  to  produce  that  effedt ;  which,  as  I 

have  found  by  many  trials,  is  about  one  half 
as  much  as  the  original  quantity  of  common  air/ 
For  if  one  meafure  of  nitrous  air  be  put  to  two' 

mea-' 
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liieafures  of  common  air,  in  a  few  minutes 
(by  which  time  the  effervefcence  will  be  over, 
and  the  mixture  will  have  recovered  its  tranf- 
parency)  there  will  want  about  one  ninth  of 
the  original  two  meafures  and  if  both  the 
kinds  of  air  be  very  pure,  the  diminution  will 
ftill  go  on  llowly,  till  in  a  day  or  two,  the 
whole  will  be/educcd  to  one  fifth  lefs  than  the 
original  quantity  of  common  air.  This  farther 
diminution,  by  long  Handing,  I  had  not  obferv- 
ed  at  the  time  of  the  firft  publication  of  thefe' 
papers. 

I 

I  hardly  know  any  experiment  that  is  more 
adapted  to  amaze  and  furprize  than  this  is, 
which  exhibits  a  quantity  of  air,  which,  as  it 
were,  devours  a  quantity  of  another  kind  of 
air  half  as  large  as  itfelf,  and  yet  is  fo  far  front 
gaining  any  addition  to  its  bulk,  that  it  is  con- 
fiderably  diminilhed  by  it;  If,'  after  this  full 
faturation  of  common  air  with  nitrous  air,  more 
nitrous  air  be  put  to  it^  it  makes  an  addition 
equal  to  its  own  bulk,  without  producing  the 
leaft  rednefs  j  or  any  other  vifible  effedl.  * 

If  the  fmallefi:  quantity  of  common  air  be 
put  to  any  larger  quantity  of  nitrous  air, 
though  the  two  together  will  not  occupy  fo 
much  fpace  as  they  did  feparately,  yet  the 
quantity  will  Hill  be  larger  than  that  of  the 
nitrous  air  only.  One  ounce  meafure  of  com¬ 
mon 
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mon  air  being  put  to  near  twenty  ounce  mea-* 
fures  of  nitrous  air,  made  an  addition  to  it  of 
about  half  an  ounce  meafnre.  This  being  a 
much  greater  proportion  than  the  diminution, 
of  common  air,  in  the  former  experiment, 
proves  that  part  of  the  diminution  in  the 
former  cafe  is  in*  the  nitrous  air.  Befi'des,  it 
will  prefently  appear,  that  nitrous  air  is  fubjedl 
to  a  mod;  remarkable  diminution  •,  and  as  com¬ 
mon  air,  in  a  variety  of  other  cafes,  fuffers  a 
diminution  from  one  fifth  to  one  fourth,  I 
conclude,  that  in  this  cafe  alfo  it  does  not 
'  exceed  that  proportion,  and  therefore  that  the 
remainder  of  the  diminution  refpedts  the  ni¬ 
trous  air. 

In  order  to  judge  whether  the  water  contri¬ 
buted  to  the  dimirlution  of  this  mixture  of  ni- 

I  • 

treus  and  common  air,  I  made  the  whole  pro-i 
cefs  feveral  times  in  quickfilver,^ufing  one  third 
of  nitrous,  and  two  thirds  of  common  air,  as 
before.  In  this  cafe  the  rednefs  continued  a 
very  long  time,  and  the  diminution  was  not  fa 
great  as  when  the  mixtures  had  been  made  in 
water,  there  remaining  one  feventh  more  than 
the  original  quantity  of  common  air. 

This  mixture  flood  all  night  upon  the  quick- 
filver ;  and  the  riext  morning  I  obferved  that  it 
was  no  farther  diminiflied  upon  the  admiflion 

of 
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cf  water  to  it,  nor  by  pouring  it  fcveral  times 
through  the  water,  and  letting  it  Hand  in  water 
two  days.  '  .  . 

Another  mixture,  which  had  flood  about  fix 
hours  on  the  quickfilver,  was  diminifhed  a  little 
more  upon  the  admiflion  of  water,  but  was  never 
lefs  than  the  original  quantity  of  common  air. 

In  another  cafe  however,  in  which  the  mixture 
had  flood  but  a  very  fhort  timein  quickfilver,  the 
farther  diminution,  which  took  place  upon  the 
admiflion  of  water,  was  much  more  confider- 
able ;  fo  that  the  diminution,  upon  the  whole, 
was  very  nearly  as  great  as  if  the  procefs  had 
been  intirely  in  water. 

It  is  evident  from  thefe  experiments,  that 
the  diminution  is  in  part  owing  to  the  ab- 
forption  by  the  water  ;  but  that  when  the  ' 
mixture  is  kept  a  long  time,  in  a  fituation  in 
which  there  is  no  water  to  abforb  any  part  of 
it,  it  acquires  a  conflitution,  by  which  it  is 
afterwards  incapable  of  being  abforbe.d  by 
water,  or  rather,  there  is  an  addition  to  the  quan- 
tity  of  air  by  nitrous  air  produced  by  the  folu- 
tion  of  the  quickfilver. 

It  will  be  fecn,  in  the  fecond  part  of  this 
work,  that,  in  the  decompofition  of  nitrous 
air  by  its  mixture  with  common  air,  there  is; 

I  .  nothing 
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nothing  at  hand  when  the  procefs  is  made  iii^ 
quickfilver,  with  which  the  acid  that  entered' 
into  its  Gompofition  can  readily  unite. 

In  order  to  determine  whether  the  fixed  part 
of  common  air  was  depofited  in  the  diminution 
of  it  by  nitrous  air,  I  inclofed  a  vefiel  full  of 
'  lime-w^ater  in  the  jar  in  which  the /procefs  was* 
made,  but  it  occafioncd  no  precipitation  ot  the 
lime ;  and  when  the  veffel  was  taken  out,  after 
it  had  been  in  that  fituation  a  whole  day,  the  . 
lime  was  eafily  precipitated  by  breathing  into 
it  as  ufual. 

But  though  the  precipitation  of  the  lime 
was  not  fenfible  in  this  method  of  making  the 
experiment,  it  is  fuificiently  fo  when  the  whole 
procefs  is  made  in  lime-water,  as  will  be  feem 
in  the  fecond  part  of  this  work;  fo  that  we 
have  here  another  evidence  of  the  depofition 
of  fixed  air  from  common  air,  I  have  made 
no  alteration,  however,  in  the  preceding  para¬ 
graph,  becaufe  it  may  not  be  unufeful,  as  a' 
caution  to  future  experimenters. 

\ 

It  is  exceedingly  remarkable  that  this  efier-- 
vefcence  and  diminution,  occafioned  by  the" 
mixture  of  nitrous  air,  is  peculiar  to  common 
^  air,  or  air  fit  for  refpiration  and,  as  far  as  I- 
can  judge,  from  a  great  number  of  obferva- 

tioim- 
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tions,  is  at  leaft  very  nearly,  if  not  exadtly,^ 
in  proportion  to  its  fitnefs  for  this  purpofe  ;  fo 
that  by  this  means  the  goodnefs  of  air  may  be 
diftinguiflied  much  more  accurately  than  it  can 
be  done  by  putting  mice,*  or  any  other  animals^ 
to  breathe  in  it. 

This  was  i.  moft  agreeable  dilcovery  to  me,’ 
as  I  hope  it  may  be  an  ufeful  one  to  the  pub¬ 
lic  •,  efpecially  as,  from  this  time,'  I  had  no  oc- 
cafion  for  fo  large  a  flock  of  mice  as  I  had 
been  ufed  to  keep  for  the  purpofe  of  thefe  ex¬ 
periments,'  ufing  then!  only  in  thofe  which  re¬ 
quired  to  be  very  dccifive  ;  and  in  thefe  cafes  I 
have  feldom  failed  to  know  beforehand  in  what 
manner  they  would  be  affedted. 

I 

It  is  alfo  remarkable  that,  on  whatever  ac¬ 
count  air  is  unfit  for  refpiration/  this  fame  teft 
IS  equally  applicable.  Thus  there  is  not  the 
leaft  effervefcence  between  nitrous  and  fixed  air. 
Or  inflammable  air,  or  any  fpecies  of  diminifh- 
ed  air.  Alfo  the  degree  of  diminution  being 
from  nothing  at  all  to  more  than  one  third 
of  the  whole  of  any  q^uantity  of  air,  we  arey 
by  this  means,  in  poflefTion  of  a  pfodigioufly 
large  fcale^  by.  which  we  may  diftinguifli  very 
fmall  degrees  of  difference  in  the  goodnefs  of  air. 

I  have  not  attended  much  to  this  circuin-i 
fiance,  having  ufed  this  teft  chiefly  for  greater 

I  2  dif- 
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differences ;  but,  if  I  did  not  deceive  myfelf, 
I  have  perceived  a  real  difference  in  the  air  of 
ray  ftudy,  after  a  few  perfons  have  been  with 
me  in  it,  and  the  air  on  the  outfide  of  the  houfe. 
Alfo  a  phial  of  air  having  been  fent  me,  from 
the  neighbourhood  of  York,  it  appeared  not  to 
’  be  fo  good  as  the  air  near  Leeds  ;  that  is,  it  was 
not  diminifhed  fo  much  by  an  equal  mixture  of 
nitrous  air,  every  other  circumftance  being  as 
nearly  the  fame  as  I  could  contrive.  It  may 
perhaps  be  poffible,  but  I  have  not  yet  attempted 
It,  to  diffmguiih  fome  of  the  different  winds, 
or  the  air  of  different  times  of  the  year,  &c.  &c. 
by  this  tell.  i 

By  means  of  this  tefl  I  was  able  to  determine 
what  I  was  before  in  doubt  about,  viz,  the  kind 
as  well  as  the  degree  of  injury  done  to  air  by 
candles  buniino;  in  it.  I  could  not  tell  with 
certainty,  by  means  of  mice,  whether  it  w^as  at 
all  injured  with  rofpet^l  to  refpiration  ;  and  yet 
if  nitrous  air  may  be  depended  upon  for  fur- 
nifhing  an  accurate  teft,  it  mull  be  rather  more 
.than  one  third  worfe  than  common  air,  and. 
have  been  dimini  (lied  by  the  fame  general  caufe 
of  the  other  diminutions  of  air.  For  when, 
after  many  trials,  I  •  put  one  meafure  of  tho¬ 
roughly  putrid  and  highly  noxious  air,  into  the 
fame  veffel  with  two  meafiires  of  good  whole- 
fome  air,  and  into  another  veffel  an  equal  quan¬ 
tity. 
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tity,  viz,  three  meafares  of  air  in  which  a 
candle  had  burned  out;  and  then  put  equal 
quantities  of  nitrous  air  to  each  of  them,  the 
latter  was  diminiflied  rather  more  than  the 
former. 

It  agrees  with  this  obfervatlon,  that  turned 
air  is  farther  diminiflied  both  by  putrefadlion, 
and  a  mixture  of  iron  filings  and  brimfionej 
and  I  therefore  take  it  for  granted  by  every 
other  caufe  of  the  diminution  of  air.  It  is 
probable,  therefore,  that  burned  air  is  air  fo  far 
loaded  with  phlogifton,  as  to  be  able  to  extin- 
guifli  a  candle,  which  it  may  do  long  before  it 
is  fully  faturated, 

/ 

Inflammable  air  with  a  mixture  of  nitrous  air 
burns  with  a  green  flame.  This  makes  a  very 
pleaflng  experiment  when  it  is  properly  con- 
dudfed.  As,  for  fome  time,  I  chiefly  made  ufe 
of  copper  for  the  generation  of  nitrous  air,  I  firfl: 
aferibed  this  circumflance  to  that  property  of 
this  metal,  by  which  it  burns  with  a  green 
flame  ;  but  I  was  prefently  fatisfied  that  it  mufl: 
arife  from  the  fpirit  of  nitre,  for  the  effedi  is 
the  very  lame  from  which  ever  of  the  metals 
the  nitrous  air  is  extradfed,  all  of  which  I  tried 
for  this  purpofe,  even  filver  and  gold. 

I  3 
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A  mixture  of  oil  of  vitriol  and  fpirit  of  nitr.^ 
jin  equal  proportions  diflblved  iron,  and  the 
produce  was  nitrous  air  *,  but  a  lefs  degree  of 
ipirit  of  nitre  in  the  mixture  produced  air  that 
was  inflammable,  and  which  burned  with  a 

i  i  •  • 

green  flame.  It  alfo  tinged  common  air  a  little 
red,  and  diminiflied  it,  though  not  much. 

The  diminution  of  common  air  by  a  mixture 

<  *  w 

/ 

of  nitrous  air,  is  not  fo  extraordinary  as  the 
diminution  which  nitrous  air  itfelf  is  fubjedl  to 
from  a  mixture  of  iron  fllings  and  brimllone, 
made  into  a  pafte  with  water.  This  mixture^ 
as  I  have  already  obferved,  diminiflies  common 
air  between  one  fifth  and  one  fourth,  but  has 

m  .  ' 

no  fuch  effedt  upon  any  kind  of  air  that  has 
been  diminiffied,  and  rendered  noxious  by  any 
other  procefs ;  but  when  it  is  put  to  a  quantity 
of  nitrous  air,  it  diminiflies  it  fo  much,  that  no 
more  than  one  fourth  ,of  the  original  quantity 
will  be  left. 

The  effedt  of  this  procefs  is  generally  per¬ 
ceived  in  five  or  fix  hours,  about  which  time 
the  vifible  effervefence  of  the  mixture  begins  | 
and  in  a  very  Ihort  time  it.  advances  fo  rapidly, 
that  in  about  an  hour  almofl;  the  whole  effedt 
will  have  taken  place.  If  it  be  fnflfered  to 
ftand  a  day  or  two  longer,  the  air  will  flill  be 
diminiflied  farther,  but  only  a  very  little  farther. 
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in  proportion  to  the  lirft 'diminution.  The  glafs 
Jar,  in  which  the  air  and' this  mixture  have  been 
^confined,  has  generally  been  fo  much  heated  ia  ' 

this  procefs,  that  1  have  not  been  able  to  touch  it. 

• 

Nitrous  air  thus  diminiflied  has  not  fo  ftrong 

a  fmell  as  nitrous  airitfelf,  but  fmells  juft  like 

common  air  in  which  the  fame  mixture  has 

^  flood  5  and  it  is  not  capable  of  being  diminiftied 

any  farther,  by  a  frefti  mixture  of  iron  and 

brimftone. 

% 

Common  air  faturated  with  nitrous  air  is  alfo 
no  farther  diminilhed  by  this  mixture  of  iron 
filings  and  brimftone,  though  the  mixture'  fer¬ 
ments  with  great  heat,  and  fv/ells  very  much, 
in  it. 

Plants  die  very  foon,  both  in  nitrous  air,  and 
alfo  in  common  air  faturated  with  nitrous  air^ 
but  efpecially  in  the  former. 

Neither  nitrous  air,  nor  common  air  fa¬ 
turated  with  nitrous  air,  differ  in  fpecific  gravity 
from  common  air.  At  leaft,  the  difference 
is  fo  fmall,  that  I  could  not  ■  be  fure  there 
was  any  ;  fometimes  about  three  pints  of  it 
feeming  to  be  about  half  a  grain  heavier,  and 

at  other  times  as  much  lighter  than  common 
air. 

'  .  I  4  Having 


I 
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Having, '  among  other  kinds  of  air,  expofed 
a  quantity  of  nitrous  air  to  water  out  of  which 
the  air  had  been  well  boiled,  in  the  experiment 
to  which  I  have  more  than  once  referred  (as 
having  been  the  occafion  of  feveral  new  and 
important  obfervations)  I  found  that  of  the 
whole  was  abforbed.  Perceiving,  to  my  great 
furprize,  that  fo  very  great  a  proportion  ot  this 

kind  of  air  was  mifcible  with  water,  1  imme- 

/ 

diately  began  to  agitate  a  conhderable  quantity 
of  it,  in  ajar  landing  in  a  trough  of  the  fame 
kind  of  water ;  and,  with  about  four  times  as 
much  agitation  as  fixed  air  requires,  it  was  fo 
far  abforbed  by  the  water,  that  only  about  one 
fifth  remained.  This  remainder  extinguiflied 
-flame,  and  was  noxious  to  animals. 

Afterw^ards  I  diminifhed  a  pretty  large  quan¬ 
tity  of  nitrous  air  to  one  eighth  of  its  original 
bulk,  and  the  remainder  hill  retained  much  of 
its  peculiar  fmell,  -  and  diminifhed  common  ah* 

a  little.  A  moufe  alfo  died  in  it,  but  not  fo 
fuddenlyas  it  would  have  done  in  pure  nitrous 

'air.  In  this  operation  the  peculiar  fmell  of 
"nitrous  air  is  very  manifeh,  the  water  being 
'iirfl;  impregnated  with  the  air,  and  then  tranf- 
mitting  it  to  the  common  atmofphere. 

This  experiment  gave  me  the  hint  of  im¬ 
pregnating  water  with  nitrous  air,  in  the  man¬ 
ner 
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ner  In  which  I  had  before  done  it  with  fixed  air; 
and  I  prefently  found  that  didilled  water  would 
imbibe  about  one  tenth  of  its  bulk  of  this  kind 
of  air,  and  that  it  acquired  a  remarkably  acid 
and  aftringent  tade  from  it.  Tl\e  fmcil  of 
water  thus  impregnated  is  at  firft  peculiarly 
pungent.  I  did  not  chufe  to  fwallow  any  of  it, 
though,  for  any  thing  that  I  know,  it  may  be 
perfedtly  innocent,  and  perhaps,  in  fame  cafes, 
-falutary.  ^ 

4 

This  kind  of  air  is  retained  very  obillnately 
by  water.  In  an  exhautted  receiver  a  quantity 
of  water  thus  faturated  emitted  a  whitifh  fume, 
•fuch  as  fometimes  iffues  from  bubbles  of  this  air 
•  when  it  is  firft  generated,  and  alfo  fome  air- 
bubbles  ;  but  though  it  was  fuffered  to  ftand 
a  long  time  in  this  fituation,  it  ftill  retained  its 
peculiar  tafte;  but  when  it  had  ftood  all  night 
pretty  near  the  fire,  the  water  was  become  quite 
vapid,  and  had  depofited  a  filmy  kind  of  mat¬ 
ter,  of  which  I  had  often  coileded  a  confider- 
able  quantity  from  the  trough  in  which  jars 
containing  this  air  had  ftood.  This  I  luppofe 
to  be  a  precipitate  of  the  metal,  by  the  folution 
"of  which  the  nitrous  air  was  generated.  I  have 
not  given  fo  much  attention  to  it  as  to  know, 
with  certainty,  in  what  circumftances  this  de- 
pojit  is  made,  any  more  than  I  do  the  matter 
depofited  from  inflammable  air  above-mention- 

I  ed; 
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ed  I  for  I  cannot  get  it,  at  lead  in  any  con- 
fiderable  quantity,  when  I  pieafe  5  whereas  I 
have  often  found  abundance  of  it,  when  I  did 
not  exped;  it  at  all. 

The  nitrous  air  with  which  I  made  the  firft:  - 
impregnation  of  water  was  extraded  from  cop^ 
per;  but  when  I  made  the  impregnation  with 
air  from  quickhlver,  the  water  had  the  very 
fame  taile,  though  the  matter  depofited  from  it 
feemed  to  be  of  a  different  kind ;  for  it  was 
whitilh,  whereas  the  other  hadayellowdfh  tinge. 
Except  the  firft  quantity  of  this  impregnated 
water,  1  could  never  deprive  any  more  that  I 
made  of  its  peculiar  tafte.  I  have  even  let  fome 
of  it  ftand  more  than  a  week,  in  phials  with  their 
mouths  open,  nndfometimes  very  near  the  fire, 
without  producing  any  alteration  in  it*. 

Whether  any  of  the  fpirit  of  nitre  contained 
in  the  nitrous  air  be  mixed  with  the  water  in 
this  operation,  I  have  not  yet  endeavoured  to 
determine.  This,  however,  may  probably 
be  the  cafe,  as  the  fpirit  of  nitre  is,  in  a  con- 
fiderable  degree,  volatile  . 

It 

*  I  have  fince  found,  that  nitrous  air  has  never  failed 
to  efcape  from  the  water,  which  has  been  impregnated  with 
it,  by  long  expofure  to  the  open  air. 

•j-  This  fuTpicion  has  been  confirmed  by  the  ingenious 
Mr.  Bewley,  of  Great  Mafilngham  in  Norfolk,  who  has  dif- 

covered 
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It  will  perhaps  be  thought,  that  the  mofl 
ufeful,  if  not  the  moil  remarkable,  of  all  the 
properties  of  this  extraordinary  kind  of  air,  is 
its  power  of  preferving  animal  fubftances  from 
putrefadrion,  and  of  reftoring  thofe  that  are 
already  putrid,  which  it  polTeffes  in  a  far  greater 
degree  than  fixed  air.  My  firft  obfervation  of 
this  was  altogether  eafual.  Having  found  ni¬ 
trous  air  to  fuffer  fo  great  a  diminution  as  I 
have  already  mentioned  by  a  mixture  of  iron 
filings  and  brimftone,  I  was  willing  to  try  whe¬ 
ther  it  would  be  equally  diminifhed  by  other 
caufes  of  the  diminution  of  common  air,  efpe- 
cially  by  putrefaction  5  and  for  this  purpofe  I 
put  a  dead  moufe  into  a  quantity  of  it,  and 
placed  it  near  the  fire,  where  the  tendency  to 
putrefadion  was  very  great.  In  this  cafe  there 
was  a  confiderable  diminution,  viz.  from  5  J  to 
3J;  but  not  fo  great  as-I  had  expeded,  the 
antifeptic  power  of  the  nitrous  air  having 
checked  the  tendency  to  putrefadion ;  for 
when,  after  a  week,  I  took  the  moufe  out,  I 

covered  that  the  acid  tafte  of  this  water  is  not  the  neceffary 
confequence  of  its  impregnation  with  nitrous  air,  but  is 
the  efFedt  of  the  acid  vapour,  into  which  part  of  this  air 
is  refolved,  when  it  is  decompofed  by  a  mixture  with  com¬ 
mon  air.  This,  it  will  be  feen,  exadly  agrees  with  my 
own  obfervation  on  the  conllitution  of  nitrous  air,  in  the 
fecond  part  of  this  work.  A  more  particular  account  of 
Mr,  Bewley’s  obfervation  will  be  given  in  the  Jppendix. 

perceived. 
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perceived,  to  my  very  great  furprize,  that  it 

had  no  ofFenfive  i'mell. 

\ 

Upon, this  I  -took  two  other  mice,  one  of 
them  jufi:  kiiied,  and  the  other  foft  and  putrid, 
and  put  them  both  into  the  fame  jar  of  nitrous 
air,  Handing  in  the  ufual  temperature  of  the 
weather,  in  the  montlis  of  July  and  AuguH  of 
1772  *,  and  after  twenty-five  days,  having  ob- 
ferv.ed)that  there  was  little  or  no  change  in  the 
quantity  of  the  air,  I  took  the  mice  out  *,  and, 
examining  them,  found  them  both  perfectly 
fweet,  even  when  cut  through  in  fevcral  places. 
That  v/hich  had  been  put  into  the  air  when  juft 
dead  was  quite  firm  ;  and  the  fiefli  of  the  other, 
which  had  been  putrid  and  foft,  was  ftill  foft, 
biit  perfeclly  fweet. 

i 

.  In  order  to  compare  the  antifeptic  j>ower  of 
th  is  kind  of  air  with  that  of  fixed  air,  I  exa¬ 
mined  a  moufe  which  I  had  inclofed  in  a  phial 
full  of  fixed  air,  as  pure  as  I  could  make  it, 
and  which  I  had  corked  very  clofe  *,  but  upon 
opening  this  phial  in  water  about  a  month  after, 
I  perceived  that  a  large  quantity  of  putrid  efdn- 
vium  had  been  generated  j  for  it  rufhed  with  vio¬ 
lence  out  of  the  phial ;  and  the  fmell  that  came 
from  it,  the  moment  the  cork  was  taken  out, 
was  inftifferably  oftenfive.  Indeed  Dr.  Macbride 
fays,  that  he  could  only  reftore  very  thin  pieces 

of 
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of  putrid  flefh  by  means  of  fixed  air.  Perhaps 
the  antifeptic  pov/er  of  thefe  kinds  of  air  may 
be  in  proportion  to  their  acidity. 

« 

•  If  a  little  pains  were  taken  with  this  fubjedlj 
this  remarkable  antifeptic  power  of  nitrous  air 
might  pofnbiy  be  applied  to  various  ufes,  per¬ 
haps  'to  the  prefer vation  of  the  more  delicate 
birds,  fifires,  fruits,  &c.  mixing  it  in  different 
proportions  with  common  or  fixed  air.  Of  this 
property  of  nitrous  air  anatomifts  may  perhaps 
avail  themfelves,  as  animal  fubftances  may  by 
this  -means  be  preferved  in  their  natural  fofc 
ftate  •,  but  how  long  it  will  anfw^er  for  this  pur- 
pofe,  experience  only  can  Ihew. 

I  calcined  lead  and  tin  in  the  manner  hereafter 
delcribed  in  a  quantity  of  nitrous  air,  but  w’ith 
very  little  fenfible  effect  •,  which  rather  furprized 
me  ;  as,  from  the  refult  of  the  experiment  w’itli 
the  iron  filings  and  brimitone,  I  had  expecffed 
a  very  great  diminution  of  the  nitrous  air  by 
this  procefs  ;  the  mixture  of  iron  filings  and 
brimftone,  and  the  calcination  of  metals,  having 
the  fame  effed:  upon  common  air,  both  of  them 
diminifiling  it  in  nearly  the  fame  proportion. 
But  though  I  made  the  metals  fwm  copioufiy 
in  nitrous  air,  there  might  be  no  real  calcination^ 
the  phlogifloti  not  being  feparated,  and  the  pro¬ 
per  calcination  prevented  by  there  being  nojfaW 


■ 
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•  airy  which  is  necefTary  to  the  formation  of  tte 
calx,  to  unite  with  it.' 

'  Nitrons  air  is  procured  from  all  the  proper 
tnetals  by  fpirit  of  nitre,  except  lead,  and  from 
all  the  ferni-metals  that  I  have  tried,  except* 
zinc.  For  this  purpofe  I  have  ufed  bifmuth 
and  nickel,*  with  fpirit  of  nitre  only,  and  regu- 
Ills  of  antimony  and  platina,  with  aqua  regia, 

I  got  little  or  no  air  from  lead  by  fpirit  of 
nitre,  and  have  not  yet  made  any  experiment? 
to  afeertain  the  nature  of  this  folution.  With: 
zinc  I  have  taken  a  little  pains. 

Four  penny-weights  and  feventeen  grains  of 
zinc  diffolved  in  fpirit  of  nitre,  to  which  as' 
much  water  was  added,  yielded  about  twelve 
ounce  meafures  of  air,'  which  had,  in  fome  de¬ 
gree,  the  properties  of  nitrous  air,  making  a 
flight  effervefeence  with  common  aiiv  and  di- 
minifhing  it  about  as  much  as  nitrous  air,  which* 
had  been  itfelf  diminifhed  one  half  by  Wafhing 
.  in  water.  The  fmell  of  them  both  was  alfothe 
fame  ;  fo  that  I  concluded  it  to  be  the  fame 
-  thing,  that  part  of  the  nitrous  air,'which  is  im¬ 
bibed  by  water,  being  retained  in  this  folution. 

> 

In  order  to  difeover  whether  this  was  the  cafe^  - 
I  made  the  folution  boil  in  a  fand-heat.  Some 

air 
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air  came  from  it  in 'this  ftate,  which  feemed  to 
be  the  fame  thing,  with  nitrous  air  diminifhed 
about  one  fixth,  or  one  eighth,  by  wafhing  in 
water.  When  the  fluid  part  was  evaporated, 
there  remained  a  brown  fixed  fuhftance,  which 
was  obferved  by  Mr.-  Hellot,  who  deferibes  it,- 
Ac.  Par.  ,173-5,  M.  p.  35.  A  part  of  this  I 
threw  into  a  fmali  red-hot  crucible  j  and  cover¬ 
ing  it  immediately  with  a  receiver,  ftanding  in 
water,  I  obferved  that  very  denfe  red  fumes 
rofe  from  it,  and  filled  the  receiver.  This 
rednefs  continued  about  as  long  as  that  which 
is  occafioned  by  a  mixture  of  nitrous  and  com¬ 
mon  air  ;  the  air  was  alfo  confiderably  dimi- 
niflied  within  the  receiver.  This  fubftance,* 
therefore,  mufl:  certainly  have  contained  within 
it  the  very  fame  thing,-  or  principle,  on  which- 
the  peculiar  properties  of  nitrous  air  depend. 

It  is  remarkable,  however,  that  though  the , 
air  within  the  receiver  was  diminiflied  about 
one  fifth  by  this  procefs,  it  was  itfelf  as  much 
afledted  with  a  mixture  of  nitrous  air,  as  com¬ 
mon  air  is,  and  a  candle  burned  in  it  very  well. 
This  may  perhaps  be  attributed  to  fome  effed: 
of  the  fpirit  of  nitre,  in  the  compofition  of  that 
brown  fuhftance. 

• 

Nitrous  air,  I  find,  will  be  confiderably  di¬ 
miniflied  in  its  bulk  by  ftanding  a  long  time 
in  water,  about  as  much  as  inflammable  air  is 

dimi- 
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diminlflied  In  the  fame  circumflances.  For. 

this  purpofe  I  kept  fpr  feme  months  a  quart- 

bottle  full  of  each  of  thefe  kinds  of  air ;  but 

as  different  quantities  of  inflammable  air  vary 

very  much  in  this  refpedf,  it  is  not  improbable 

but  that  nitrous  air  may  vary  alfo. 

« 

From  one  trial  that  I  made,  I  conclude  that 
nitrous  air*  may  be  kept  in  a  bladder  much 
better  than  moft  other  kinds  of  air.  The  air 
to  which  I  refer  was  kept  about  a  fortnight  in 
a  bladder,  through  which  the  peculiar  fmell  of 
the  nitrous  air  was  very  fenfible  for  feveral 
days.  In  a  day- or  two  the  bladder  became 
red,  and  was  much  contradled  in  its  dimen- 
fions.  The  air  within  it  had  loft  very,  little 
of  its  peculiar  property  of  diminifhing  com¬ 
mon  air. 

,  I  did  not  endeavour  to  afeertain  the  exadt 
quantity  of  nitrous  air  produced  from  given 
quantities  of  all  the  metals  which  yield  it ; 
but  the  few  obfervations  which  I  did  make  for 
this  purpofe  I  fhall  recite  in  this  place : 
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SECTION  VIL 

Of  Air  infected  with  the  fumes  of  burning 

Charcoal. 

Air  infedled  with  the  fumes  of  burning 
charcoal  is  well  known  to  be  noxious  ;  and  the 
Honourable  Mr.  Cavendilh  faVohred  me  with 
an  account  of  fome  experiments  of  his,  m 
which  a  quantity  of  common  air  was  reduced 
from  i8o  to  162  ounce  meafures,  by  pafTing 
through  a  fed- hot  iron  tube  filled  with'  the 
dull  of  charcoal.  This  diminution  he  aferibed 
to  fuch  a  definition  of  common  air  as  Dr,^ 
Hales  irfiagined  to  be  the  confequence  of  burn¬ 
ing.  Mr.  Cavendifh  alfo  obferved,  that  there 
had  been  a  generation  of  fixed  air  in  this  pro- 
cefs,  but  that  it  was  abforbed  by  fope  leys*' 
This  experiment  I  alfo  repeated,  with  a  fmall' 
variation  of  circumftances,  and  with  nearly  the 
fame  refult. 

Afterwards,'  I  endeavoured  to  afeertain, "  by 
what  appears  to  me  to  be  an  eafier  and  more 
certain  method,  in  what  manner  air  is  aflfedted 
with  the  fumes  of  charcoal,  viz.  by  fufpending 
bits  of  charcoal  within  glafs  veflels,  filled  to  a 
certain  height  with  water,  and  Handing  inverted 

K  i«i 
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in  another  veflel  of  water,  while  I  threw  the  fa- 
ciis  of  a  burning  mirror,  or  lens,  upon  them. 
In  this  manner  I  diminifhed  a  given  quantity 
of  air  one  fifth,  which  is  nearly  in  the  fame 
proportion  with  other  diminutiorrs  of  air. 

If,  inflead  of  pure  water,  I  ufed  lime-water 
in  this  procefs,  it  never  failed  to  become  turbid 
by  the  precipitation  of  the  lime,  which  could 
only  be  occafioned  by  fixed  air,  either  difcharged 
from  the  charcoal,  or  depofited  by  the  common 
air.  At  firft  I  concluded  that  it  came  from  the 
charcoal ;  but  confidering  that  it  is  not  probable 
that  fixed  air,  confined  in  any-  fubftance,  can 
bear  fo  great  a  degree  of  heat  as  is  neceffary  to 
make  charcoal,  without  being  wholly  expelled  ; 
and  that  in  other  diminutions  of  common 
air,  by  phlogifion  only,  there  appears  to  be  a 
depofition  of  fixed  air,  I  have  now  no  doubt 
but  that,  in  this  cafe  alfo,  it  is  fupplied  from 
the  fame  fource* 

This  opinion  is  the  more  probable,  from 
there  beirrg  the  fame  precipitation  of  lime,  in 
this  procefs,  with  whatever  degree  of  heat  the 
charcoal  had  been  made.  If,  however,  the  char¬ 
coal  had  not  been  made  with  a  very  confiderablc 
degree  of  heat,  there  never  failed  to  be  a  perma^ 
nent  addition  of  inflammable  air  produced; 
which  agrees  with  what  I  obferved  before,  that, 

\i  • 
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in  converting  dry  wood  into.charcoal,  the  great- 
eft  part  is  changed  into  inflammable  air. 

I  have  fometimes  found,  that  charcoal  which 
was  made  with  the  moft  intenfe  heat  of  a  fmith’s 
fire,  which  vitrified  part  of  a  common  crucible 
in  which  the  charcoal  was  confined,  and  which 
had  been  continued  above  half  an  hour,  did  not 
diminifti  the  air  in  which  the  focus  of  a  burning 
mirror  was  thrown  upon  it ;  a  quantity  of  in¬ 
flammable  air  equal  to  the  diminution  of  the 
common  air  being  generated  in  the  procefs : 
whereas,  at  other  times,  I  have  not  perceived 
that  there  w^as  any  generation  of  inflammable 
air,  but  a  fimple  diminution  of  common  air, 
when  the  charcoal  had  been  made  with  a  much 
lefs  degree  of  heat.  This.fubjedt  deferves  to  be 
farther  inveftigated. 

To  make  the  preceding  experiment  with  ftill 
more  accuracy,  I  repeated  it  in  quickfilver ; 
when  I  perceived  that  there  was  a  fmall  increafe 
of  the  quantity  of  air,  probably  from  a  genera¬ 
tion  of  inflammable  air.  Thus  it  ftood  without 
any  alteration  a  whole  night,  and  part  of  the 
following  day;  when  lime-water,  being  admit¬ 
ted  to  it,  it  prefently  became  turbid,  and,  after 
fome  time,  the  whole  quantity  of  air,  which 
was  about  four  ounce  meafures,  was  diminifhed 
one  fifth,  as  before.  In  this  cafe,  I  carefully 
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weighed  the  piece  of  charcoal,  which  was  ex> 
a6lly  two  grains,  and  could  not  find  that  if-  • 
was  fenfibly  diminifhed  in  weight  by  the  ope¬ 
ration^ 

Air  thus  diminifhed  by  the  fumes  of  burnings 
charcoal  not  only  extinguifhes  flame,  but  is  in- 
the  highefl  degree  noxious  to  animals ;  it  makes- 
no  effervefcence  with  nitrous  air,  and  is  incapa¬ 
ble  of  being  diminifhed  any  farther  by  the  fumes 
of  more  charcoal,  by  a  mixture  of  iron  filings- 
and  brimflone,  or  by  any  other  caufe  of  the  di¬ 
minution  of  air  that  I  am  acquainted  with. ' 

This  obfervation,  which  refpedfs  all  other- 
kinds  of  diminifhed  air,  proves  that  Dr.  Flales 
was  miftaken  in  his  notion  of  the  ahforption  of 
•  air  in  thofe  circumflances  in  which  he  obferved 
it.  For  he  fuppofed  that  the  remainder  was,  in 
all  cafes,  of  the  fame  nature  with  that  which 
had  been  abforbed,  and  that  the  operation  of  the 
fame  caufe ‘would  not  have  failed  to  produce  a 
farther  diminution ;  whereas  all  my  obfervations 
fhew  that  air,  which  has  once  been  fully 
diminifhed  by  any  caufe  whatever,  is  not  only 
incapable  of  any  farther  diminution,  either  from 
the  fame  or  from  any  other  caufe,  but  that  it 
has  likevdfe  acquired  nezv  properties^  mofl  re¬ 
markably  different  from  thofe  which  it  had  be¬ 
fore,  and  that  they  are,  in  a  great  iheafure,  the 

fame: 
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fame  in  dl  the  cafes.  Thefe  circumftances  give 
rcafon  to  fufpedl,  that  the  caufe  of  diminution 
is,  in  reality,  the  fame  in  all  the  cafes.  What 
this  caufe  is,  may,  perhaps,  appear  in  the  next 
courfe  of  obfervations. 
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SECTION  VIII. 

✓ 

Of  the  effect  of  the  calcination  0/, Metals, 
and  of  the  effluvia  0/  PAfNT  made  with 
White-Lead  andOiL^  m  Air. 

/  * 

Having  been  led  to  fulped:,  from  the  expe¬ 
riments  which  I  had  made  with  charcoal,  that 
the  diminution  of  air  in  that  cafe,  and  perhaps 
in  other  cafes  alfo,  was,  in  fome  way  or  other 
the  confequence  of  its  having  more  than  its  • 
ufual  quantity  of  phlogifton,  it  occurred  to 
me,  that  the  calcinatiqn  of  metals,  which  are 
generally  fuppofed  to  confid  of  nothing  but  a 
metallic  earth  united  to  phlogifton,  would  tend 
to  afeertain  the  fad,  and  be  a  kind  of  experl- 
mentum  cruets  in  the  cafe.  ^ 

Accordingly,  I  fufpended' pieces  of  lead  and 
tin  in  given  quantities. of  air,  in  the  fame  man¬ 
ner  as  I  had  before  treated  the  charcoal ;  and 
throwing,  the  focus  of  a  burning  mirror  or 
lens  upon  them,  fo  as  to  make  them  fume 
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copioufly.  I  prefently  perceived  a  diminu¬ 
tion  of  the  air.  In  the  hrft  trial  that  I  made, 
I  reduced  four  ounce  meafures  of  air  to  three, 
which  15  the  greateft  diminution  of  common 
air  that  I  had  ever  obferved  before,  and  which 
I  account  for,  by  fuppofing  that,  in  other  cafes, 
there  was  not  only  a  caufe  of  diminution,  but 
caufes  of  addition  alfo,  either  of  fixed  or  in¬ 
flammable  air,  or  fome  other  permanently  elaf- 
tic  matter,  but  that  the  cffedt  of  the  calcina¬ 
tion  of  metals  being  Amply  the  efcape  of  phlo- 
gifton,  the  caufe  of  diminution  was  alone  and 
uncontrouled. 

The  air,  which  I  had  thus  diminiflied  by 
calcination  of  lead,  I  transferred  into  another 
clean  phial,  but  found  that  the  calcination  of 
more  lead  in  it  (or  at  leaff  the  attempt  to  make 
a  farther  calcination)  had  no  farther  eflcdl  up¬ 
on  it.  This  air  alfo,  like  that  which  had  been 
infected  with  the  fumes  of  charcoal,  was  in  the 
hio-hefl:  deorree  noxious,  made  no  effervefcence 
with'  nitrous  air,  was  no  farther  diminlfhed  by 
the  mixture  of  iron  filings  and  brimflone,  and 
w^as  not  only  rendered  innoxious,  but  alfo  re¬ 
covered,  in  a  great  meafure,  the  other  proper-r' 
ties  of  common  air,  by  wafhing  in  water. 

It  might  be  fufpedled  that  the  noxious  qua¬ 
lity  of  air  in  which  lead  was  calcined,  might 

be 
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be  owing  to  fomc  fumes  peculiar  to  that  me-  ' 
tal ;  but  I  found  no  fenfible  difference  between 
the  properties  of  this  air,  and  that  in  which  tin 
was  calcined. 

\  * 
The  water  over  which  metals  are  calcined 
acquires  a  yellowifh  tinge,  and  an  exceedingly 
pungent  fmell  and  tafte,  pretty  much  (as  near 
as  I  can  recolle(51:,  for  I  did  not  compare  them 
together)  like  that  over  which  brimflone  has 
been  frequently  burned.  Alfo  a  thin  and  whi- 
tifli  pellicle  covered  both  the  furfacc  of  the 
water,  and  likewife  the  fides  of  the  phial  in 
which  the  calcination  was  made;  infomuch 
that,  without  frequently  agitating  the  water,  it 
grew  fo  opaque  by  this  conftantly  accumulating 
incruftation,  that  the  fun-beams  could  not  be 
tranfmitted  through  it  in  a  quantity  fufficient  to 
produce  the  calcination, 

I  imagined,  however,  that,  even  when  thi^ 
air  was  transferred  into  a  clean  phial,  the  me¬ 
tals  were  not  fo  eafily  melted  or  calcined  as  they 
were  in  frefh  air  *,  for  the  air  being  once  fully 
faturated  with  phlogiflon,  may  not  fo  readily 
admit  any  more,  though  it  be  only  to  tranfmit 
it  to  the  water.  I  alfo  fufpedbed  that  metals 
were  not  eafily  melted  or  calcined  in  inflam¬ 
mable,  fixed,  or  nitrous  air,  or  any  kind  of 
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diminifhed  •air.'^  None  of  thefe  kinds  of  air 
fuffered  any  change  by  this  operation  ;  nor  was 
there  any  precipitation  of  lime,  when  charcoal 
was  heated  in  any  of  thefe  kinds  of  air  Hand¬ 
ing  in  lime-water.  This  furnifhes  another,  and 
i  think  a  pretty  decifive  proof,  that,  in  the 
precipitation  of  lime  by  charcoal,  the  fixed  air 
does  not  come  from  the  charcoal,  but  from 
the  common  air.  Otherwife  it  is  hard  to  affign 
a  reafon,  why  the  fame  degree  of  heat  (or  at 
leaH  a  much  greater)  ftiould  not  expel  the  fixed 
air  from  this  fubftance,  though  furrounded  by 
thefe  different  kinds  of  air,  and  why  the  fixed 
air  might  not  be  tranfmitted  through  them  to 
the  lime-water. 

r 

'  Qpiery.  May  not  water  impregnated  with 
phlogifton  frorn  calcined  metals,  or  by  any 
other  method,  be  of  fome  ufc  in  medicine  ? 
The  effe(H:  of  this  impregnation  is  exceedingly 
remarkable  ;  but  the  principle  with  which  it  is 
impregnated  is  volatile,  and  intirely  efcapes  in 
a  day  or  two,  if  the  furface  of  the  water  be 
expofed  to  the  common  atmofphere, 

*  I  conclude  from  the  experiments  of  M.  Lavoifier, 
which  were  made  with  a  much  better  burning  lens  than  I 
had  an  opportunity  of  making  ufe  of,  that  there  was  no 
real  calcination  of  the  metals,  though  they  were  made  to 
fume  in  inflammable  or  nitrous  air;  becaufe  he  was  not 
able  to  produce  more  than  a  flight  degree  of  calcination  - 
in  any  given  (quantity  of  common  ^ir,, 


It 
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It  Ihould  fcetn  that  phlogifton  is  retained 
more  obftinately  by  charcoal  than  it  is  by  lead 
or  tin  ;  for  when  any  given  quantity  of  air  is 
fully  faturated  with  phlogifton  from  charcoal, 
no  heat  that  I  have  yet  applied  has  been  able 
to  produce  any  more  effedt  upon  it ;  whereas, 
in  the  fame  circumftances,  lead  and  tin  may 
llill  he  calcined,  at  leaf!  be  made  to  emit  a  co¬ 
pious  fume,  in  which  fome  part  of  the  phlo¬ 
gifton  may  be  fet  loofe.  The  air  indeed,  can 
take  no  more  ;  but  the  water  receives  it,  and 
the  fides  of  the  phial  alfo  receive  an  addition 
of  incruftation.  This  is  a  white  powdery  fub- 
ftance,  and  well  deferyes  to  be  examined.  I  lhall 
endeavour  to  do  it  at  my  leifure. 

Lime-water  never  became  turbid  by  the  cal¬ 
cination  of  metals  over  it,  the  calx  immediately 
fei:^ing  the  precipitated  fixed  air,  in  preference 
to  the  lime  in  the  water  ;  but  the  colour,  fmell, 
and  tafte  of  the  water  was  always  changed 
and  the  furface  of  it  became  covered  with  a 
'  yellow  pellicle,  as  before. 

When  this  procefs  was  made  in  quickfilvcr, 
the  air  was  diminifhed  only  one  fifth ;  and  upon 
water  being  admitted  to  it,  no  more  was  ab- 
forbed  ;  which  is  an  effedt  fimilar  to  that  of  a 
mixture  of  nitrous  and  common  air,  which  was 
mentioned  before. 
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The  preceding  experiments  on  the  calcina¬ 
tion  of  metals  fuggefted  to  me  a  method  of 
explaining  the  caufe  of  the  mifchief  which  is 
known  to  arife  from  frelh  painty  made  with 
white-lead  (which  I  fuppofe  is  an  imperfed  calx 
of  lead)  and  oik 

To  verify  my  hypothefis,  I  firft  put  a  fmall 
pot  full'of  this  kind  of  paint,  and  afterwards 
(which  anfwered  much  better,  by  expofing  a 
greater  furface  of  the  paint)  I  daubed  feveral 
pieces  of  paper  with  it,  and  put  them  under  a 
receiver,  and  obferved,  that  in  about  twenty- 
four  hours,  the  air  was  diminiflied  between  one 
fifth  and  one  fourth,  for  I  did  not  meafure  it 
very  exadly.  This  air  alfo  was,  as  I  expedled 
to  find,  in  the  higheft  degree  noxious ;  it  did 
not  effervefce  with  nitrous  air,  it  was  no  farther 
diminiflied  by  a  mixture  of-  iron  filings  and 
hrimfione,  and  was  made  wholefome  by  agita¬ 
tion  in  water  deprived  of  all  air. 

I  think  it  appears  pretty  evident,  from  the 
preceding  experiments  on  the  calcination  of  me¬ 
tals  that  air  is,  fome  way  or,  other,  diminiflied 
in  confequence  of  being  highly  charged  with 
phlogifton  ;  and  that  agitation  in  water  reflores 
it,  by  imbibing  a  great  part  of  the  phlogiflic 
matter. 


-  That 
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That  water  has  a  confiderable  affinity  with 
phlogifton,  is  e\rident  from  the  ftrong  impreg¬ 
nation  which  it  receives  from  it.  ,May  not 
plants  ailo  reilore  air  diminilhed  by  putrefaction 
by  abforbing  part  of  the  phlogiflon  with  which 
it  is  loaded  ?  The  greater  part  of  a  dry  plant, 
as  well  as  of  a  dry  animal  fubftance,  confircs  of 
»  inflammable  air,  or  fomething  that  is  capable 
of  beino;  converted  into  inflammable  air  ;  and  it 
feems  to  be  as  probable  that  this  phlogiftic  mat¬ 
ter  may  have  been  imbibed  by  the  roots  and 
leaves  of  plants,  and  afterwards  incorporated 
into  their  fubitance,  as  that  it  is  altogether  pro¬ 
duced  by  the  power  of  vegetation.  May  not 
this  phlogiftic  matter  be  even  the  moft  eflential 
part  of  the  food  and  fupport  of  both  vegetable 
and  animal  bodies  ? 

In  the  experiments  wdth  metals,  the  diminu¬ 
tion  of  air  feems  to  be  the  confequence  of  no¬ 
thing  but  a  faturation  with  phlogifton  ;  and  in 
all  the  other  cafes  of  the  diminution  of  air,  I 
do  not  fee  but  that  it  may  be  effedled  by  the 
fame  means.  When  a  vegetable  or  animal  fub- 
ftance  is  dlffolved  by  putrefaCfion,  the  efcape  of 
the  phlogiftic  matter  (w’hich,  together  wdth  all  its 
other  conftituent  parts,  is  then  let  loofe  from  it) 
may  be  the  circumftance  that  produces  the  dimi¬ 
nution  of  the  air  in  which  it  putrefies.  It  is 
highly  improbable  that  what  remains  after  an 

ani- 
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animal  body  has  been  thoroughly  diffolved  by 
putrefadlion,  Ihould  yield  fo  great  a  quantity 
of  inflammable  air,  as  the  ^  dried  animal  fub- 
ilance  would  have  done.  Of  this  1  have  not 
made  an  adtuai  trial,  though  I  have  often 
thought  of  doing  it,  and  flill  intend  to  do 
it ;  but  I  think  there  can  be  no  doubt  of  the 
refult. 

* 

Again,  iron,  by  its  fermentation  with  brim- 
flone  and  water,  is  evidently  reduced  to  a  calx, 
fo  that  phlogifton  mufl  have  cfcaped  from  it. 
Phlogilton  alfo  mufl;  evidently  be  fet  loofe  by 
the  ignition  of  charcoal,  and  is  not  improbably 
the  matter  which  flies  off  from  paint,  compofed 
of  white-lead  and  oil.  Laftly,  flnee  fpirit  of 
nitre  is  known  to  have  a  very  remarkable  afflni- 
ty  with  phlogifton,  it  is  far  from  being  impro¬ 
bable  that  nitrous  air  may  alfo  produce  the 
fame  effedt  by  the  fame  means. 

To  this  hypothefls  k  may  be  objedted,  that, 
if  diminiihed  air  be  air  faturated  with  phlo- 
gifloh,  it  ought  to  be  inflammable.  But  this 
by  no  means  follows  ;  fince  its  inflammability 
may  depend  upon  fome  particular  mode  of  com- 
lination^  or  degree  of  aflinity,  with  which  we 
are  not  acquainted.  Befides,  inflammable  air 
feems  to  confifl;  of  fome  other  principle,  or  to 
have  fome  other  conftituent  part,  befides  phlo¬ 
gifton 
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gifton  and  common  air,  as  is  probable  from 
that  remarkable  depofit,  which,  as  I  have  ob- 
ferved,  is  made  by  inflammable  air,  both  from 
iron  and  zinc. 

• 

It  is  not  improbable,  however,  but  that  a 
greater  degree  of  heat  may  inflame  that  air 
which  extinguiflies  a  common  candle,  if  it 
could  be  conveniently  applied.  Air  that  is  in¬ 
flammable,  I  obferve,  extinguiflies  red-hot 
Wood ;  and  indeed  inflammable  fubftances  can 
only  be  thofe  which,  in  a  certain  degree  of 
heat,  have  a  lefs  afHnity  with  the  phlogifton 
they  contain,  than  the  air,  or  fome  other  con¬ 
tiguous  fubfiance,  has  with  it ;  fo  that  the 
phlogifton  only  quits  one  fubftance,  with  which 

it  was  before  combined,  and  enters  another, 

\ 

with  which  it  may  be  combined  in  a’  very  dif¬ 
ferent  manner.  This  fubftance,  however,  whe¬ 
ther  it  be  air  or  any  thing  elfe,  being  now 
fully  faturat'ed  with  phlogifton,  and  not  being 
able  to  take  any  more,  in  the  fame  circum- 
ftances,  muft  necelTarily  extinguifti  fire,  and 
put  a  ftop  to  the  ignition  of  all  other  bodies, 
that  is,  to  the  farther  efcape  of  phlogifton  from 
them. 

That  plants  reftore  noxious  air,  by  imbibing 
the  phlogifton  with  which  it  is  loaded,  is  very 
agreeable  to-  the  conjectures  of  Dr.  Franklin, 

made 
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made  many  years  ago,  and  exprefled  in  the  foU 
lowino;  extradl  from  the  laft  edition  of  his  Let** 
ters,  p.  346* 

I  have  been  inclined  to  think  that  the  fluid 
fire^  as  well  as  the  fluid  air^  is  attracted  by 

plants  in  their  growth,  and  becomes  con- 
folidated  with  the  other  materials  of  which 
they  are  formed,  and  makes  a  great  part  of 
their  fubftance  ;  that,  when  they  come  to 
be  digefted,  and  to  fuffer  in  the  vefTels  a 
kind  of  fermentation,  part  of  the  fire,  as 
well  as  part  of  the  air,  recovers  its  fluid 
adlive  ftate  again,  and  diffufes  itfelf  in  the 
body,  digefling  and  feparating  it ;  that  the 
fire  fo  re-produced,  by  digeflion  and  fepara- 
tion,  continually  leaving  the  body,  its  place 
“  is  fupplied  by  frefh  quantities,  arifing  from 
the  continual  feparation  ;  that  whatever 
c[uickens  the  motion  of  the  fluids  in  an 
“  animal,  quickens  the  feparation,  and  re-pro- 
‘‘  duces  more  of  the  fire,  as  exercife  ;  that  all 
the  fire  emitted  by  wood,  and  other  com- 
buffibles,  when  burnino;,  exiflcd  in  them  be- 
fore  in  a  folid  flate,  being  only  difeovered 
“  when  feparating ;  that  fome  fofhls,  as  ful- 
“  phur,  fea-coal,  &c.  contain  a  great  deal  of 
folid  fire  ;  and  that,  in  fhort,  wdiat  cfcapes 
“  and  is  diflipated  in  the  burning  of  bodies, 

befides  w^ater  and  earth,  is  generally  the 
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“  air  and  fire,  that  before  made  parts  of  the 
«  folid.” 


SECTION  IX. 

r 

Of  Marine  Acid  Air, 

Being  very  much  ftruck  with  the  refuk  of 
an  experiment  of  the  Hon.  Mr.  Cavendilh,  re¬ 
lated  Phil. Tranf.  Vol,  LVI.  p«  i575  by  which, 
though,  he  fays,  he  was  not  able  to  get  any 
inflammable  air  from  copper,  by  means  of  fpi- 
rit  of  fait,  he  got  a  much  more  remarkable 
kind  of  air,  viz,  one  that  lofl:  its  elaflicity  by 
coming  into  contact  with  water,  I  was  exceed¬ 
ingly  defirous  of  making  myfelf  acquainted 
with  it.  On  this  account,  I  began  wdth  mak¬ 
ing  the  experiment  in  .quickfilver,  which  I 
never  failed  to  do  in  any  cafe  in  which  I  fuf- 
pedled  that  air  might  cither  be  abforbed  by 
water,  or  be  in  any  other  manner  afledled  by 
it  j  and  by  this  means  I  prefently  got  a  much 
more  diilind:  idea  of  the  nature  and  efledts  of 
this  curious  folution. 

Having  put  fome  copper  filings  into  a  fmall 
phial,  with  a  quantity  of  fpirit  of  fait  ♦,  and 
making  the  air  (which  was  generated  in  great 
plenty,  on  the  application  of  heat)  afeend  into 

"  a  tall 
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\  * 

a  tali  glafs  veffel  full  of  quickfilver,  and 
ing  in  quickfilver,  the  whole  produce  Gonti--^ 
rued  a  confiderable  time  without  any  change 
of  dimenfions,  I  then  introduced  a  fmall  • 
quantity  of  water  to  it  j  when  about  three 
fourths  of  it  (the  ^hole  being  about  four 
ounce  meafures)  prefently,  but  gradually,  dif-  - 
appeared,  the  quickfilver  riling  in  the  vclfeL- 
1  then  introduced  a  conliderable  quantity  of 
water  ;  but  there  was  no  farther  diminution  of 
the  air,  and  the  remainder  I  found  to  be  in¬ 
flammable. 

Having  frequently  contifiucd  this  procefs  a 
long  time  after  the  admiflion  of  the  water,  I 
Avas  much  amufed  with  obferving  the  large  bub- 
-bles  of  the  newly  generated  air,  which  came 
through  the  quickfilver,  the  fudden  diminution 
of  them  when  they  came  to  the  water,  and  the 
very  fmall  bubbles  which  went  through  the  wa¬ 
ter.  They  made,  how^ever,  a  continual,  though’ 
flow,  increafe  of  inflammable  air. 

,  j 

Fixed  air,  being  admitted  to  the  whole  pro*- 
duce  of  this  air  from  copper^  had  no  fenfible 
-  cfFedt  upon  it.  Upon  the  admiflion  of  watery 
a  great  part  of  the  mixture  prefen  tly  difap- 
peared;  another  part,  which  I  fuppofe  to’ have 
been  the  fixed  air,  was  abforbed  llowly ;  and 
in  this  particular  cafe  the  very  fmall  permanent 
'  •  fefi- 
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fefiduum  did  noc  take  fire  ;  but  it  is  v^ry  poffi- 
ble  that  it  might  have  done  fo,  if  the  quantity 
had  been  greater. 

The  folutioil  of  lead  in  the  marine  acid  is  at¬ 
tended  with  the  very  fame  phenomena  as  the 
folution  of  ^  copper  in  the  fame  acid  ;  about 
three  fourths  of  the  generated  air  difappearing 
on  the  admiflion  of  water  :  and  the  remainder 
being  inflammable. 

-  • 

\  * 

r  - 

The  folutions  of  iron,  tin,  and  ziric,  in  the 
marine  acid,  were  all  attended  with  the  fame 
phaenomena  as  the  folutions  of  copper  and 
lead,  but  iri  a  lefs  degree  5  for  in  iron  one 
eighth,  in  tin  one  fixth,  and  in  zinc  one  tenth 
of  the  generated  air  difappeared  on  the  admiffloii 
tvith  Water,  The  remainder  of  the  air  from 
iron,  in  this  cafe,  burned  with  a  green,  of  very 
light  blue  flame, 

I  had  always  thought  it  fome thing  extraor¬ 
dinary  that  a  fpedies  of  air  fhould  lofe  its  elafti- 
city  by  the  mere  conta5l  of  any  thing,  and  from 
the  firfl  fufpedled  that  it  mufl  have  been  im- 
hibed  by  the  water  that  was  admitted  to  it ;  but 
fo  very  great  a  quantity  of  this  air  difappear-' 
ed  upon  the  admiflion  of  a  very  fmall  quan¬ 
tity  of  vvatef,  that  at  firfl:  I  could  not  help  con¬ 
cluding  that  appearances  favoured  the  former 

L  hy- 
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hypothefis.  I  found,  however,  that  w^hcn  I 
admitted  a  much  fmaller  quantity  of  water, 
confined  in  a  narrow  glafs  tube,  a  part  only  of 
the  air  difappeared,  and  that  very  flowly,  and 
that  more  of  it  vaniflied  upon  the  admifiion  of 
more  water.  This  abfervation  put  it  beyond 
'  a  doubt,  that  this  air  was  properly  imhibed 
by  the  water,  which,  being  once  fully  fatu- 
rated  with  it,  was  not  capable  of  receiving  any 
more. 

f 

•The  water  thus  impregnated  tailed  very  acid, 
even  when  it  was  much  diluted  with  other  wa¬ 
ter,  through  which  the  tube  containing  it  was 
drawn.  It  even  dilfolved  iron  very  fall,  and 
generated  inflammable  air.  This  lall  obferva- 
tion,  together  with  another  which  immediately 
follows,  led  me  to  the  difcovery  of  the  true  na^ 
ture  of  this  remarkable  kind  of  air. 

Happening,  at  one  time,  to  ufe  a  good  deal 
of  copper  and  a  fmall  quantity  of  fpirit  of 
fait,  in  the  generation  of  this  kind  of  air,  I 
was  furprized  to  find  that  air  was  produced 
long  after,  I  could  not  but  think  that  the  acid 
mull  have  been  faturated  with  the  metal ;  and 
I  alfo  found  that  the  proportion  of  inflamma¬ 
ble  air  to  that  which  was  abforbed  by  the  water 
continually  diminiflied,  till,  inftead  of  being 

one 
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one  fourth  of  the  whole^  as  I  had  firft  obferved, 
it  was  not  fo  much  as  one  twentieth.  Upon 
this,  I  concluded  that  this  fubtle  air  did  not 
arife'from  the  copper,  but  from  the  fpirit  -gf 
fait;  and  prefently  making  the  experiment  with 
the  acid  only,  without  any  copper,  or  metal  of 
any  kind,  this  air  was  immediately  produced 
in  'as  great  plenty  as  before  *,  fo  that  this  re¬ 
markable  kind  of  air  is,  in  fadf,  nothing  more 
than  the  vapour,  or  fumes  of  fpirit  of  fait, 
which  appear  to  be  of  fuch  a  nature,  that  they 
are  not  liable  to  be  condenfed  by  cold,  like  the 
vapour  of  water,  and  other  fluids,  and  there-: 
fore  may  be  very  properly  called  an  acid  aivy 

or  more  reilridfively,  the  marine  acid  air* 

/  •  • 

This  elaftic  acid  vapour,  or  acid  air,  extln- 
guilhes  flame,  and  is  much  heavier  than  com¬ 
mon  air  ;  but  how  much  heavier,  will  not  be 
cafy  to  afeertain.  A  cylindrical  glafs  veflel, 
about  three  fourths  of  an  inch  in  diameter, 
and  four  inches  deep,  being  filled  with  it,  and 
turned  upflde  down,  a  lighted  candle  may  be 
let  down  into  it  more  than  twenty  times  before 
it  will  burn  at  the  bottom.  It  is  pleafing  to 
obferve  the  colour  of  the  flame  in  this  experi¬ 
ment  ;  for  both  before  the  candle  goes  out,  and 
alfo  when  it  is  firfl  lighted  again,  it  burns  with 
a  beautiful  green,  or  rather  light-blue  flame, 
fuch  as  is  feen  when  common  fait  is  thrown  in* 
to  the  fire,  L  2  When 
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When  this  air  is  all  expelled  from  any  quan¬ 
tity  of  fpirit  of  fait,  which  is  ealily  perceived 
by  the  fubfequent  vapour  being  condenfed  by 
cold,  the  remainder  is  a  very  weak  acid,  barely 
capable  of  dilfolving  iron. 

Being  now  in  the  pofieflion  of  a  new  fubjedl 
of  experiments,  an^elaftic  acid  vapour,  in 
the  form  of  a  permanent  air,  ealily  procured, 
and  effedfually  confined  by  glafs  and  quickfib 
ver,  with  which  it  did  not  feem  to  have  any 
affinity;  I  immediately  began,  to  introduce  a 
variety  of  fubflanccs  to  it,  in  order  to  afeer- 
tain  its  peculiar  properties  and  affinities,  and 
alfo  the  properties  of  thofe  other  bodies  wdth 
refpe61:  to  it. 

Beginning  with  water^  which,  from  preced¬ 
ing  obfervations,  I  knew  would  imbibe  it,  and 
become  impregnated  wdth  it ;  I  found  that 
grains  of  rain-water  abforbed  three  ounce  mea- 
fures  of  this  air,  after  which  it  was  iricreafed 
one  third  in  its  bulk,  and  Weighed  twdee  as 
much  as  before  ;  fo  that  thihs  concentrated  va¬ 
pour  feems  to  be  twice  as  heavy  as  rain-water  : 
Water  impregnated  with  it  makes  the  ftrongeft 
fpirit  of  fait  that  I  have  feen,  diiTolving  iron 
with  the  mod  rapidity.  Confequently,  two 
thirds  of  the  bed  fpirit  of  fait  is  nothing  more 
than  mere  phlegm  or  water. 


Iron 
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Iron  filings,  being  admitted  to  this  air,  were 
difiblved  by  it  pretty  faft,  half  of  the  air  difap-  ' 
pearing,  and  the  other  half  becoming  inflamma« 
ble  air,  not  abforbed  by  water.  Putting  chalk 

to  it,  fixed  air  was  produced. 

% 

I  had  not  introduced  many  fubftances  to  this 
air,  before  I  difcovered  that  it  had  an  affinity 
\\\\h  phlogijlon^  {o  it  would  deprive  >  other 
lubftances  of  it,  and  form  with  it  fuch  an 
union  as  conftitutes  inflammable  air;  which 

I 

feems  to  Ihew,  that  inflammable  air  univerfally 
confifts  of  the  union  of  fome  acid  vapour  with 
phlogifton. 

Inflammable  air  was  produced,  when  to  this 
acid  air  I  put  fpirit  of  wine,  oil  of  olives,  oil 
of  turpentine,  charcoal,  phofphorus,  bees-wax, 
and  even  fulphur.  This  laft  obfervation,  I 
own,  furprizcd  me  ;  for,  the  marine  acid  being 
reckoned  the  weakeft  of  the  three  mineral 
acids,  I  did  not  think  that  it  had  been  capa¬ 
ble  of  diflodging  the  oil  of  vitriol  from  this 
fubftance  ;  but  I  found  that  it  had  the  very 
fame  effect  both  upon  alum  and  nitre  ;  the  vi¬ 
triolic  acid  in  the  former  cafe,  and  the  nitrous 
in  the  latter,  giving  place  to  the  ftronger  va- 
poiir  of  fpirit  of  fait. 

•  L  3 


The 
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The  rufl  of  iron,  and  the  precipitate  of  ni¬ 
trous  air  made  from  copper,  alfo  imbibed  this 
air  very  fail,  and  the  little  that  remained  of  it 
was  inflammable  air  j  which  proves,  that  thefe 
calces  contain  phlogiflon.  It  feems  alfo  to  be 
pretty  evident,  from  this  experiment,  that  the 
precipitate  above  mentioned  is  a  real  calx  of 
,  the  metal,  by  the  folution  of  which  the  nitrous 
air  is  generated. 

As  fome  remarkable  circumftances  attend  the 
abforption  of  this  acid  air,  by  the  fubflances 
above-mentioned,  I  fhall  briefly  mention  them. 

Spirit  of  wine  abforbs  this  air  as  readily  as 
water  itfelf,  and  is  increafed  in  bulk  by  that 
means.  Alfo,  when  it  is  faturated,  it  dilfolves 

t 

iron  with  as  much  rapidity,  and  flill  continues 
inflammable. 

•  V  •  . 

Oil  of  olives  ^  abforbs  this  air  very  flowly, 
and  at  the  fame  time,  it  turns  almofl;  black,  and 
becomes  glutinous.  It  is  alfo  lefs  mifcible  with 
■water,  and  acquires  a  very  difagreeable  fmell. 
Ry  continuing  upon  the  furface  of  the  water,  it 
became  white,  and  its  ofFenfive  fmell  went  off 
in  a  few  days. 

Oil  of  turpentine  abforbed  this  air  very  fafl, 
turning  brown,  and  almofl  black.  No  inflam¬ 
mable 
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mable  air  was  formed,  till  I  ralfed  more  of  the 
acid  air  than  the  oil  was  able  to  abforb,  and  let 
it  {land  a  coniiderable  time ;  and  ilill  the  air 
was  but  weakly  inflammable*  The  fame  was 
the  cafe  with  the  oil  of  olives,  in  the  laft  men¬ 
tioned  experiment ;  and  it  feems  to  be  pro¬ 
bable,  that,  the  longer  this  acid  air  had  con¬ 
tinued  in  contadl  with  the  oil,  the  more  phlo- 
gifton  it  would  have  extrafled  from  it*  It  is 
not  wholly  improbable,,  but  that,  in  the  inter¬ 
mediate  Hate,  before  it  becomes  inflammable 
air,  it ^ may  be  nearly  of  the  nature  of  common 
air. 

BeesTwax  abforbed  this  air  very  flowly, - 
About  the  bignefs  of  a  hazel-nut  of  the  wax 
being  put  to  three  ounce  meafures  of  the  acid 
air,  the  air  was  diminiflied  one  half  in  two 
days,  and,  upon  the  admiffion  of  water,  half 
of  the  remainder  alfo  difappeared.  This  air  was 
flrongly  inflammable. 

Charcoal  abforbed  this  air  very  fall.  About 
one  fourth  of  it  was  rendered  immifcible  in 
Vv’ater,  and  was  but  weakly  inflammable. 

A  fmall  bit  of  phofphorus^  perhaps  about 
half  a  grain,  fmoked,  and  gave  light  in  the  acid 
air,  juft  as  it  would  have  done  in  common 
air  confined.  It  was  not  fenfibly  wafted  aftcr- 
'  L  4  con* 
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continuing  about  twelve  hours  in  that  ftate^ 
and  the  bulk  of  the  air  w^as  very  little  dimi- 
nilhed.  Water  being  admitted  to  it  abforbed  it 
as  before,  except  about  one  fifth  of  the  whole. 
It  was  but  weakly  inflammable. 

Putting  feveral  pieces  oi  fulphur  to  this  air, 
it  was  abforbed  but  flowly.  In  about  twenty- 
four  hours  about  one  fifth  of  the  quantity  had 
difappeared  ;  and  water  being  admitted  to  the 
remainder,  very  little  more  was  abforbed.  The 
remainder  was  inflammable,  and  burned  witfl 
a  blue  flame, 

,  Notwithflanding  the  affinity  which  this  acid 
air  appears  to  have  witji  phlogiflon,  it  is  not 
capable  of  depriving  all  bodies  of  it.  I  found 
that  dry' wood,  crufts  of  bread,  and  raw  flefli, 
very  readily  imbibed  this  air,  but  did  not  part 
with  any' of  their  phlogifton  to  it.  All  thefe 
flibflances  turned  very  brown,  after  they  had 
been  fome  time  expofed  to  this  air,  and  tailed 
very  flrongly  of  the  acid  when  they  were  taken 
Out';  but  the  flefh,  when  waflied  in  w^ater,  be^ 
came  very  white,  and  the  fibres  eafily  feparated 
from  one  another,  even  more  than  they  would 
have  done  if  it  had  been  boiled  or  roafled*. 

*  It  will  be  feen,  in  the  fecond  part  of  this  work,  that, 
in  (ome  of  thefe  procefTes,  I  had  afterwards  pore  futcefs.  • 

'*  ‘  . .  ^  'When' 
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When  I  put  a  piece  of  faltpetre  to  that  is 
it  was  prefeiitly  llirrounded  with  a  white  fume, 
which  foon  filled  the  whole  vefTel,  exadlly  like 
the  fiime  which  burfts  from  the  bubbles  of 
nitrous  air,  when  it  is  generated  by  a  vigorous 
fermentation,  and  inch  as  is  feen  when  nitrous 
air  is  miixed  with  this  acid  air.  In  about  a 
minute,  the  whole  quantity  of  air  was  abforbed, 
except  a  very  little,  which  might  be  the  com¬ 
mon  air  that  had  lodged  upon  the  furface  of 
the  fpirit  of  fait  within  the  phial. 

A  piece  of  alum  expofed  to  this  air  turned 

yellow,  abforbed  it  as  fall  as  the  faltpetre  had 

done,  and  was  reduced  by  it  to  the  form  of  a 

powder.  Common  fait,  as  might  be  expedled, 

had  no  effedl  whatever  on  this  marine  acid  air. 

) 

I  had  alfo  imagined,  that  if  air  diminifhed 
by  the  procefTes  above-mentioned  was  affed:ed 
in  this  manner,  in  confequence  of  its  being 
fatu rated  with  phlogilton,  a  mixture  of  this 
acid  air  might  imbibe  that  phlogifton,  and 
render  it  wholefome  again  ;  but  I  put  about 
one  fourth  of  this  air  to  a  quantity  of  air  in 
which  metals  had  been  calcined,  without 
making  any  fenfible  alteration  in  it.  I  do  not, 
however,  infer  from  this,  that  air  is  not  dimi- 
nifhed  by,  means  of  phlogifton,  ftnee  the  com¬ 
mon  air,  like  fome  other  fubftances,  may  hold 

the 
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the  phloglflon  too  fall,  to  be  deprived  of  it  by 
this  acid  air, 

I  fhall  conclude  my  account  of  thefe  experi¬ 
ments  with  obferving,  that  the  electric  fpark  is 
vifible  in  acid  air,  exactly  as  it  is  in  common  air ; 
and  though  I  kept  making  this  fpark  a  con- 
liderable  time  in  a  quantity  of  it,  I  did  not 
perceive  that  any  fenfible  alteration  was  made 
in  it.  A  little  inflammable  air  was  produced, 
but  not  more  than  might  have  come^  fr^m  the 
two  iron  nails  which  I  made  ufe  of  in  taking 
the  fparks. 


SECTION  X. 

Miscellaneous  Observations. 

I.  As  many  of  the  preceding  obfervations 
relate  to  the  vinous  putrefaBive  fermentati¬ 
ons,  I  had  the  curiofity  to  endeavour  to  afcer- 
tain  in  what  manner  the  air  would  be  affedted 
by  the  acetous  fermentation.  For  this  purpofe 
1  inclofed  a  phial  full  of  fmall  beer  in  a  jar 
Handing  in  water  *,  and  obferved  that,  during 
the  firfl  two  or  three  days,  there  was  an^increafe 
of  the  air  in  the  jar,  but  from  that  time  it  gra¬ 
dually  decreafed,  till  at  length  there  appeared 
to  be  a  diminution  of  about  one  tenth  of  the 
whole  quantity. 

During 
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During  this  time  the  whole  furface  of  it  was 
gradually  covered  with  a  fcum,  beautifully  cor¬ 
rugated.  After  this  there  was  an  increafe  of 
the  air  till  there  was  more  than  the  original 
quantity  ;  but  this  mufl  have  been  fixed  air, 
not  incorporated  with  the  reft  of  the  mafs ;  for, 
withdrawing  the  beer,  which  I  found  to  be  four, 
after  it  had  ftood  18  or  20  days  under  the  jar, 
and  pafting  the  air  feveral  times  through  cold 
water,  the  original  quantity  was  diminiflied 
about  one  ninth.  In  the  remainder  a  candle 
would  not  burn,  and  a  moufe  would  have  died 
prefently. 

The  fmell  of  this  air  was  exceedingly  pun¬ 
gent,  but  difterent  from  that  of  the  putrid  efiiu- 
vium.  A  moufe  lived  perfedfly  well  in  this  air, 
thus  aftedled  with  the  acetous  fermentation; 
after  it  had  ftood  feveral  davs  mixed  with  four 

w 

times  the  quantity  of  fixed  air. 

2.  All  the  kinds  of  faditious  air  on  which  I 
‘have  yet  made  the  experiment  are  highly  noxi¬ 
ous,  except  that  which  is  extraded  from  falt- 
petre,  or  alum  but  in  this  even  a  candle  burned 
juft  as  in  common  air*.  In  one  quantity  which 

I  got 

*  Experiments,  of  which  an  account  will  be  given  in. 
the  fecond  part  of  this  work,  make  it  probable,  that 
though  a  candle  burned  even  more  than  <voell  in  this  air,  an 

animal 
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I  got  from  faltpetre  a  candle  not  only  burned, 
but  the  flame  was  increafed,  and  fomething  was 
heard  like  a  hifling,  fimilar  to  the  decrepitation 
'of  nitre  in  an  open  fire.  This  experiment  was 
made  when  the  air  was  frefh  made,  and  while 
k  probably  contained  fome  particles  of  nitre, 
which  would  have  been  depofited  afterwards. 
The  air  was  extrafted  from  thefe  fubftances 
by  heating  them  in  a  gun-barrel,  which  was 
much  corroded  and  foon  fpoiled  by  the  experi¬ 
ment.  What  cfledl  this  circumflance  may  have 
had  .upon  the  air  I  have  not  confidered, 

November  6,  1772,  I  had  the  curiofity  to 
€j;amine  the  fiate  of  a  quantity  of  this  air 
which  had  been  extracted  from  faltpetre  above 
a  year,  and  which  at  firfl:  was  perfectly  whole- 
fome  ;  when,  to  ray  very  great  furprize,  I  found 
tiiat  it  was  become,  in  the  higheft  degree, 
noxious.  It  made  no  effervefcence  with  nitrous 
air,  and  a  moufe  died  the  moment  it  was  put 
into  it.  '  I  had  not,  hov/ever,  wafhed  it  in  rain¬ 
water  quite  ten  minutes  (and  perhaps  lefs  time 
would  have  been  fufiicient)  when  I  found,  upon 
trial,  that  it  was  reftored  to  its  former  perfe^ftly  - 
wholeforae  flare.  It  effervefeed  with  nitrous  air 
as  much  as  the  belt  common  air  ever  does,  and 

animal  would  not  have  lived  In  it.  At  the  time  of  this 
fitft  publication,  however,  I  had  no  idea  of  this  being 
pcjiible  in  nature. 


even 
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even  a  candle  burned  In  it  very  well,  which  I  had 
never  before  obferved  of  any  kind  of  noxious 
air  meliorated  by  agitation  in  water.  This 
feries  of  fadls,  relating  to  air  extracted  from 
nitre,  appear  to  me  to  be  very  extraordinary 
and  important,  and,  in  able  hands,  may  lead 
to  confiderable  difcovcries. 

3.  There  are  many  fubftances  which  impreg¬ 
nate  common  air  in  a  very  remarkable  manner^ 
but  without  making  it  noxious  to  animals.  A- 
mong  other  things  I  tried  volatile  alkaline  falts^ 
and  camphor-,  the  latter  of  which  I  melted  with 
a  burning-glafs,  in  air  inclofed  in  a  phial.  The 
moufe,  which  was  put  into  this  air,  fneezed  and 
coughed  very  much,  efpecially  after  it  was 
taken  out;  but  it  prefently  recovered,  and  did 
not  appear  to  have  been  fenfibly  injured. 

4 

4.  Having  made  feveral  experiments  with  a 
mixture  of  iron  filings  and  brimflone,  kneaded 
to  a  pafte  with  water,  I  had  the  curiofity  to  try 
■what  would  be  the  effedl  of  fubflituting  hrafs 
dujl  in  the  place  of  the  iron  filings.  The  refuk  ^ 
was,  that  when  this  mixture  had  flood  about 
three  weeks,  in  a  given  quantity  of  air,  it  had 
turned  black,  but  was  not  increafed  in  bulk.  ' 
The  air  alfo  was  neither  fenfibly  increafed  nor 
decreafed,  but  the  nature  of  it  was  changed ; 
for  it  extinguifhed  flame,  it  would  have 

killed 
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killed  a  moufe  prefently,  and  was  not  re- 
ftored  by  fixed  air,  which  had  been  mixed 
with  it  fcveral  days. 

5.  I  have  frequently  mentioned  my  having, 
at  one  time,  expofed  equal  quantities  of  diffe¬ 
rent  kinds  of  air  in  jars  handing  in  boiled  water. 
Common  air  in  this  experiment  was  diminiflied 
four  fevenths,  and  the  remainder  extinguilhed 
flame.  This  experiment  demonftrates  that  water 
does  not  abforb  air  equally,  but  that  it  decom- 
pofes  it,  taking  one  part,  and  leaving  the  reft. 
To-  be  quite  fure  of  this  fadt,  I  agitated  a 
quantity  of  common  air  in  boiled  water,  and 
when  I  had  reduced  it  from  eleven  ounce  mea- 
fures  to  feven,  I  found  that  it  extinguilhed  a 
candle,  but  a  moufe  lived  in  it  very  well.  At 
another  time  a  candle  barely  went  out  when  the 
air  was  diminiflied  one  third,  and  at  other  times 
I  have  found  this  effedl  lake  place  at  other  very 
different  degrees  of  diminution. 

This  difference  I  attribute  to  the  differences 
in  the  ftate  of  the  water  with  refpedl  to  the  air 
contained  in  it  \  for  fometimes  it  had  ftood 
longer  than  at  other  times  before  I  made  ufe  of 
it.  I  alfo  ufed  diftilled-water,  rain-water,  and 
water  out  of  which  the  air  had  been  pumped, 
promifcuoufly  wdth  rain  water.  I  even  doubt, 
not  but  that,  in  a  certain  ftate  of  the  water, 

there 
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‘  there  mio-ht  be  nofenfible  difference  in  the  bulk 

O 

of  the  agitated  air,  and  yet  at  the  end  of  the 
procefs  it  would  extinguifli  a  candle,  air  being 
fupplied  from  the  v/ater  in  the  place  of  that 
part  of  the'  common  air  which  had  been  ab- 
forbed. 

It  is  certainly  a  little*  extraordinary  that  the 
very  fame  procefs  fhould  fo  far  mend  putrid 
air,  as  to  'reduce  it  to  the  ftandard  of  air  in, 
which  candles  have  burned  out  *,  and  yet  that  it 
fhould  fo  far  injure  common  and  wholefome  air 
as  to  reduce  it  to  about  the  fame  ftandard :  but 
fo  the  faeft  certainly  is.  If  air  extinguifh  flame 
in  confequence  of  its  being  previoufly  faturated 
with  phlogifton,  it  muft,  in  this  cafe,  have  been 
transferred  from  the  w^ater  to  the  air  ,  and  it 
*  is  by  no  means  inconfiftcnt  with  this  hypothefls 
to  fnppofe,  that,  if  the  air  be  over  faturated 
with  phlogifton,  the  water  will  imbibe  it,  till  it 
be  reduced  to  the  fame  proportion  that  agitation 
in  w^ater  would  have  communicated  to  it. 

To  a  quantity  of  common  air,  thus  dlmi- 
nlfhed  by  agitation  in  water,  till  it  extinguifhed 
a  candle,  I  put  a  plant,  but  it  did  not  fo  far  re- 
ftore  it  as  that  a  candle  would  burn  in  it  again  ; 
which  to  me  appeared  not  a  little  extraordinary, 
as  it  did  not  feem  to  be  in  a  worfe  ftate  than 
air  in  which  candles  had  burned  out,  and 

which 
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which  had  never  failed  to  be  reflored  bytliV' 
fame  means; 

\ 

I  had  no  better  fucCefs  with  a  quantity  of 
permanent  air  which  I  had  collected  from  my 
pump-water.  Indeed  thefe  experiments  wer^ 
begun  before  I  was  acquainted  with  that  pro¬ 
perty  of  nitrous  air,  w^hich  makes  it  fo  accu¬ 
rate  a  meafure  of  the  goodnefs  of  other  kinds 
of  air  ;  and  it  might  perhaps  be  rather  too  late 
in  the  year  when  I  made  the  experiments. 
Having  neglefted  thefe  two  jars  of  air,  the 
plants  died  and  putrefied  in  both  of  them  ; 
and  then  I  found  the  air  in  them  both  to  be 
highly  noxious,  and  to  make  no  effervefcence 
with  nitrous  air. 

*  f 

I  found  that  a  pint  of  my  pump  -  water 

contained  about  one  fourth  of  an  ounce  meafure 

of  air,  one  half  of  w^hich  was  afterwards  ab- 

fox^bed  by  {landing  in  frefh  pump- water.  A 

candle  would  not  burn  in  this  air,  but  a  mouf^ 

lived  in  it  very  well.  Upon  the  whole,  it 

feemed  to  be  in  about  the  fame  flate  as  air  irt 

which  a  candle  had  burned  ouu 

/ 

6.  I  once  imagined  that,  by  mere  Jlagnatlon^ 
air  might  become  unfit  for  refpiration,  or  at  leaft 

the 
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the  burning  of  candles  *,  but  if  this  be  the  cafe, 
and  the  change  be  produced  gradually,  it  mult' 
require  a  long  time  for  the  purpofe^  For  on  the 
22d  of  September  1772,  I  examined  a  quantity 
of  common  air,  which  had  been  kept  in  a 
phiab  without  agitation,  from  May  17.71,  and 
found  it  to  be  in  no  refpedt  worfe  than  frelh  air, 
even  by  the  teft  of  the  nitrous  air. 

t 

7.  The  cryftallization  of  nitre  makes  nd 
fenfible  alteration  in  the  air  in  which  the  pro- 
cefs  is  made.  For  this  purpofc  I  dilTolved  as 
much  nitre  as  a  quantity  of  hot  water  would 
contain^  and  let  it  cool  under  a  receiver,  Hand¬ 
ing  in  water, 

8.  November  6,  1772,  a  quantity  of  inflam-  ' 
mable  air,  which,  by  long  keeping,  had  come 

to  extinguilh  flame,  I  obferved  to  fmell  very 
much  like  common  air  in  which  a  mixture  of 
iron  filings  and  brimflone  had  flood.  It  was 
not,  however,  quite  fo  flrong,  but  it  was  equally 
noxious.  ^ 

9.  Bifmuth  and  nickel  are  dilTolved  in  the  ma¬ 
rine  acid  with  the  application  of  a  confiderable: 
degree  of  heat  *,  but  little  or  no  air  is  got  from 
cither  of  them ;  but,  what  I  thought  a  little  rc-^ 

M  mark^ 
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markable,  both  of  them  fmelled  very  much  like 
Harrowgate  water,  or  liver  of  fulphur.  This 
fmcli  I  have  met  with  feveral  times  in  the  coiirfe 
of  my  experiments,  and  in  procefles  very  diffe¬ 
rent  from  one  another. 
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Experiments  and  Obfervations  made  in  the  Tear 
1773,  and  the  Beginning  of  1774. 

S  E  C  T  I  O  N  I. 

'  Obfervations  on  Alkaline  Air* 

After  I  had  made  the  difcovery  of 
the  marine  acid  air,  which  the  vapour  of^ 
fpirit  of  fait  may  properly  enough  be  called, 
and  had  made  thofe  experiments  upon,  it,  of 
which  I  have  given  an  account  in  the  for¬ 
mer  part  of  this  work,  and  others  which  I  pro- 
pofe  to  recite  in  this  part ;  it  occurred  to  me, 
that,  by  a  procefs  fimilar  to  that  by  which  this 
acid  air  is  expelled  from  the  fpirit  of  fait, 
alkaline  air  might  be  expelled  from  fubftances 
containing  volatile  alkali, 

Ac. 
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Accordingly  I  procured  fome  Volatile  fpirlt  of 
fal  ammoniac,  and  having  put  it  into  a  thin 
phial,  and  heated  it  v/ith  the  dame  of  a  candle, 
I  prefently  found  that  a  great  quantity  of  va¬ 
pour  was  difcharged  from  it;  and  being  re¬ 
ceived  in  a  veflel  of  quickfilver,  Handing  in  a 
bafon  of  quickfilver,  it  continued  in  the  form 
of  a  tranfparent  and  permanent  air,  not  at  all 
condenfed  by  cold ;  fo  that  1  had  the  fame  op¬ 
portunity  of  making  experiments  upon  it,  as  I 
had  before  on  the  acid  air,  being  in  the  fame 
favourable  circumftances. 

With  the  fame  eafe  I  'alfo  procured  this  air 
from  fpirit  of  bar tjhorn^  and  fal  volatile  either 
in  a  fluid  or  lolid  form,  i.  e,  from  thofe  volatile 
alkaline  falts  which  are  produced  by  the  diflilf 
lation  of  fal  ammoniac  with  fixed  alkalis. 
But  in  this  cafe  I  foon  found  that  the  alkaline 
air  I  procured  was  not  pure  ;  for  the  fixed  air, 
which  entered  into  the  compofition  of  my  ma¬ 
terials,  was  expelled  along  with  it.  Alfo,  unit- 
ing  again  with  the  alkaline  air,  in  the  glaf& 
tube  through  which  they  were  conveyed,  they 
flopped  it  up,  and  were  often  the  means  of 
burflihg  my  veflels. 

0 

While  thefe  experiments  were  new  to  me,  I 
imagined  that  I  was  able  to  procure  this  air 
with  peculiar  advantage  and  in  the  greateil 

'  abun- 
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abundance,  either  from  the  falts  in  a  ciry  Hate, 
when  they  were  juft  covered  with  water,  or  in  a 
perfcvftly  fluid  ftate ;  for,  upon  applying  a  can¬ 
dle  t6  the  phials  in  which  they  were  contained, 
there  was  a  moft  aftonifliiiig  produdion  of  air ; 
but  having  examined  it,  I  found  it  to  be  chiefly 
fixed  air,  efpecially  after  the  firft  or  fecond 
produce  from  the  fame  materials  ;  and  remov-  ' 
ing  my  apparatus  to  a  trough  of  water  and 
ufing  the  water  inftead  of  quickfilver,  I  found 

that  it  was  not  prefently  abforbed  by  it. 

\ 

This,  however,  appears  to  be  an  eafy  and 
elegant  method  of  procuring  fixed  air,  from  a 
fmall  quantity  of  materials,  though  there  muft 
be  a  mixture  of  alkaline  air  along  with  it  j  as 
it  is  by  means  of  its  combination  with  this 
principle  only,  that  it  is  poflible,  that  lb  much 
fixed  air  fliould  be  retained  in  any  liquid; 
Water,  at  leaft,  we  know,  cannot  be  made  to 
contain  much  more  than  its  own  bulk  of  fixed 
.air. 

After  this  dilappointment,  I  confined  myfelf 
to  the  ufe  of  that  volatile  fpirit  of  fal  ammo¬ 
niac  which  is  procured  by  a  diftillation  with 
flaked  lime,  which  contains  no  fixed  air ;  and 
which  feems,  in  a  general  ftate,  to  contain 
about  as  much  alkaline  air,  as  an  equal  quan¬ 
tity  of  fpirit  of  fait  contains  of  the  acid  air. 

M  3  Wanting 
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Wanting,  however,  to  procure  this  air  in 
greater  quantities,  and  this  method  being  rather  ' 
expenfive,  it  occurred  to  me,  that  alkaline  air 
might,  probably,  be  procured,  with  the  moft 
eafe  and  convenience,  from  the  orio-inal  mate- 
rials,  mixed  in  the  fame  proportions  that  che- 
mifts  had  found  by  experience  to  anfwer  the 
bed  for  the  production  of  the  volatile  fpirit  of 
fal -ammoniac.  Accordingly  I' mixed  one  fourth 
of  pounded  fal  ammoniac,  with  three  fourths 
of  flaked  lime  *,  and  filling  a  phial  with  the  mix¬ 
ture,  I  prefently  found  it  completely  anfwered 
my  purpofe.  The  heat  of  a  candle  expelled 
from  this  mixture  a  prodigious  quantity  of  al¬ 
kaline  air  \  and  the  fame  materials  (as  much 
as  filled  an  ounce  phial)  would  ferve  me  a  con- 
fiderable  time,  without  changing ;  efpecially 
when,  inflead  of  a  glafs  phial,  1  made  ufe  of  a 
finall  iron  tube,  which  I  find  much  more  con¬ 
venient  for  the  purpofe. 

As  water  foon  begins  to  rife  in  this  procefs,  it 
is  neceffary,  if  the  air  is  intended  to  be  conveyed- 
perfectly  dry  into  the  veffel  of  quickfilver,  to 
have  a  fmall  veffel  in  which  this  water  (which 
is  the  common  volatile  fpirit  of  fal  ammoniac) 
may  be  received.  This  fmall  veffel  mu  ft  be  in- 
terpofed  between  the  veffel  which  contains  the 
materials  for  the  generation  of  the  air,  and  that 
it  is  to  be  received,  as  d  fig.  8. 

'•  ’  This 
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This  alkaline  air  being  perfe0:ly  analogous  to 
■the  add  air,  I  was  naturally  led  to  inveitigate 
the  properties  of  it  in  the  fame  manner,  and 
nearly  in  the  fame  order.  From  this  analogy  I 
concluded,  as  I  prefently  found  to  be  the  fadt, 
that  this  alkaline  air  w^ould  be  readily  imbibed 
by  water,  and,  by  its  union  with  it,  would  form 
a  volatile  fpirit  of  fal  ammoniac.  And  as 
the  water,  w  hen  admitted  to  the  air  in  this  man¬ 
ner,  confined  by  quickfilver,  has  an  opportu¬ 
nity  of  fully  faturating  itfelf  with  the  alkaline 
vapour,  it  is  made  prodigioufly  ftronger  than 
any  volatile  fpirit  of  fal  ammoniac  that  I  have 
ever  feen  ;  and  I  believe  ftronger  than  it  can 
be  made  in  the  common  way.' 

In  order  to  afeertain  what  addition ,  with  re- 
fpedl  to  quantity  and  w’^eight,  water  would  ac¬ 
quire  by  being  faturated  with  alkaline  air,  I  put 
2  J  grains  of  rain-w^ater  into  a  fmall  glafs  tube,  ^ 
clofed  at  one  end  wdth  cement,  and  open  at  the 
other,  the  column  of  water  mcafuring  -fo  of 
an  inch  ;  and  having  introduced  it  through  the 
quickfilver  into  a  veflel  containing  alkaline  air, 
obferved  that  it  abforbed  of  an  ounce  meafure 
of  the  airy  and  had  then  gained  about  half  a 
'grain in  weight,  and  was  increafedto  8  \  tenths 
of  an  inch  in  length.  I  did  not  make  a  fecond 
experiment  of  this  kind,  and  therefore  will  not 
anfwxr  for  the  exadtnefs  of  thefe  proportions  in 
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future  trials.  What  I  did  fufficientlv  anfwered 
my  purpofe,  in  a  general  view  of  the  fiibr 
ject. 

W  hen  I  hadj  at  one  time^  faturaied  a  quan¬ 
tity  of  diftilied  water  with  alkaline  air,  fo  that 
a  good  deal  of  the  air  remained  unabforbed  on 
the  furface  of  the  water,  I  obferved  that,  as  I  ’ 
continued  to  throw  up  more  air,  a  confiderable 
proportion  of  it  was  imbibed,  but  not  the  whole ; 
and  when  I  had  let  the  apparatus  ftand  a  day, 
much  more  of  the  air  that  lay  on  the  furface 
.was 'imbibed.'  And  after  the  water  would  imbibe 
no  more  of  the  old  air,  it  imbibed  7iezv»  This 
lliews  that  water  requires  a  confiderable  time  to 
faturate  itfelf  with  this  kind  of  air,  and  that 
part  of  it  more  readily  unites  with  water  than 
the  reft. 

The  fame  is  alfo,  probably,  the  cafe  with  all 
the  kinds  of  air  with  which  water  can  be  im¬ 
pregnated.  Mr,  Cavendifii  made  this  obferva- 
tion  with  refpedt  to  fixed  air,  and  I  repeated 
the  whole  procefs  above-mentioned  with  acid 
air,  and  had  precifely  the  fame  refult.  The  al¬ 
kaline  water  wkich  I  procured  in  this  experi¬ 
ment  was,  beyond  comparifon,  ftronger  to  the 
fmell,  than  any  fpirit  of  fal  ammoniac  that  I 
had  fecn. 
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This  experiment  led  me  to  attempt  the  mak¬ 
ing  of  fpirit  of  fal  ammoniac  in  a  larger  qiian- 
^  tit}^  by  impregnating  diftilled  water  with  thig 
alkaline  air.  For  this  purpofe  I  filled  a  piece  of 
a  gun-barrel  with  the  materials  above-mentioned, 
and  luted  to  the  open  end  of  it  a  fmall  glafs  tube, 
one  end  of  which  was  bent,  and  put  within  the 
mouth  of  a  glafs  vefiel,  containing  a  quantity  of 
diftilled  water  upon  quickfilver,  ftanding  in  a 
bafon  of  quickfilver,  as  in  fig.  7.  In  thefe  circum- 
ftances  the  heat  of  the  fire,  applied  gradual!}-,  ex¬ 
pelled  the  alkaline  air,  which,  pafting  through 
the  tube,  and  the  quickfilver,  came  at  laft  to  the 
water,  which,  in  time,  became  fully  laturated 
with  it. 


By  this  means  I  got  a  very  ftrong  alkaline- 
liquor,  from  which  I  could  again  expel  the  al¬ 
kaline  air  which  i  had  put  into  it,  whenever  it 
happened  to  be  more  convenient  to  me  to  get  it 
in  that  manner.  This  procefs  may  eafily  be 
performed  in  a  ftill  larger  way;  and  by 'this 
means  a  liquor  of  the  fame  nature  with  the  vola¬ 
tile  fpirit  of  fal  ammoniac,  might  be  made 
much  ftronger,  and  much  cheaper,  than  it  is 
now  made, 

V 

Having  fatisfied  myfelf  with  refpecd:  to  the 
relation  that  alkaline  air  bears  to  water,  I  was 
impatient  to  find  what  would  be  the  confequence 

of 
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of  mixing  this  new  air  with  the  other  kinds 
with  which  I  was  acquainted  before,  and  efpe- 
cially  with  add  air  ;  having  a  notion  that  thefe 
two  airs,  being  of  oppofite  natures,  might  com- 
pofe  a  neutral  air,  and  perhaps  the  very  fame 
thing  with  common  air.  But  the  moment  that 
thefe  two  kinds  of  air  came  into  contadl,  a  beau¬ 
tiful  white  cloud  was  formed,  and  prefcntly 
filled  the  whole  vefiel  in  which  they  were  con¬ 
tained.  At  the  fame  time  the  quantity  of  air 
began  to  diminiih,  and,  at  length,  when  the 
cloud  was  fubfided,  there  appeared  to  be  formed 
a  folid  white  falt^  which  was  found  to  be  the 
common  fal  ammoniac^  or  the  marine  acid  united 
to  the  volatile  alkali. 

The  firft  quantity  that  I  produced  immedi¬ 
ately  deliquefeed,  upon  being  expofed  to  the 
common  air  *,  but  if  it  was  expofed  in  a  very 
dry  and  warm  place,  it  al moil:  all  evaporated, 
in  a  wliice  cloud.  I  have,  however,  fince,  from 
the  fame  materials,  produced  the  fait  abovenien- 
tioned  in  a  Hate  not  fubjecl  to  deliquefee  or 
evaporate.  This  difference,  I  find,  is  owing 
to  the  proportion  of  the  two  kinds  of  air  in  the 
compound.  It  is  only  volatile  when  there  is 
more  than  a  due  proportion  of  either  of  the 
conffituent  parts.  In  thefe  cafes  tlie  fmell  of  the 
falts  is  extremely  pungent,  but  yeiy  different 
from  one  another ;  being  manifeiUy  acid,  or  al- 

kalinCj 
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kallne,  according  to  the  prevalence  of  each  of 
thefe  airs  refpeftivcly. 

Nitrous  air  admitted  to  alkaline  air  like  wife 

» 

Qccafioned  a  whitifh  cloud,  and  part  of  the  air 
was  abforbed ;  but  it  prefently  grew  clear  again  ; 
leaving  only  a  little  dimnefs  on  the  fides  of  the 
‘vclfel.  This,  however,  might  be  a  kind  of 
fait,  formed  by  the  union  of  the  two  kinds  of 
air.  There  was  no  other  fait  formed  that  I 
could  perceive.  Water  being  admitted  to  this 
mixture  of  nitrous  and  alkaline  air  prefently  ab¬ 
forbed  the  latter,  and  left  the  former  pollefled 
of  its  peculiar  properties. 

Fixed  air  admitted  to  alkaline  air  formed  ob¬ 
long  and  flender  cryflals,  which  croifed  one 
another,  and  covered  the  fides  of  the  veflel  in 
the  form  of  net-work.  Thefe  cryflals  mull 
be  the  fame  thing  with  the  volatile  alkalis 
which  chemifts  get  in  a  folid  form,  by  the  di- 
flillation  of  fal  ammoniac  with  fixed  alkaline 
fairs. 

InftcimmaUe  air  admitted  to  alkaline  air  ex¬ 
hibited  no  particular  appearance.  Water,  as 
in  the  former  experiment,  abforbed  the  alka¬ 
line  air,  and  left  the  inflammable  air  as  it  was 
before.  It  was  remarkable,  however,  that  the 
water  which  was  admitted  to  them  became 

whitifli. 
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whitifh,  and  that  this  white  cloud  fettled,  in 
the  form  of  a  white  powder,  to  the  bottom  of 
the  velTel. 

Alkahne  air  mixed  ,wdth  common  air^  and 
ftanding'together  feveral  days,  frft  in  quick- 
filver,  and  then  in  water  (which  abforbed  the 
alkaline  air)  it  did  not  appear  that  there  was 
any  change  produced  in  the  common  air :  at 
lead  it  was  as  n?uch  diminifhed  by  iiitrous  air 
as  before.  The  fame  was  the  cafe  with  a  luix- 
ture  of  acid  air  and  common  air. 

I 

Having  mixed  air  that  had  been  diminifhed 
bv  the  fermentation  of  a  mixture  of  iron  filings 
and  brimflione  with  alkaline  air^  the  water  ab¬ 
forbed  the  latter,  but  left  the  former,  with  re- 
fpedt  to  the  tefl  of  nitrous  air  (and  therefore,  ' 
as  I  conclude,  with  refpedl  to  all  its  properties) 
the  fame  that  it  was  before. 

% 

Spirit  of  wine  imbibes  alkaline  air  as  readily 
as  w^atcr,  and  feems  to  be  as  inflammable  after- 
wards  as  before. 

Alkaline  air  contrads  no  union  with  olive  oil. 
They  were  in  contadl  almoft  two  days,  without 
any  diminution  of  the  air.  Oil  of  turpentine, 
and  effential  oil  of  mint,  abforbed  a  very  fmall 

quantity 
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quantity  of  alkaline  air,  but  were  not  fenfibly. 
changed  by  it. 

Ether^  however,  imbibed  alkaline  air  pretty 
freely  *,  but  it  was  afterwards  as  inflammable  as 
before,  and  the  colour  was  not  changed.  It 
alfo  evaporated  as  before,  but  I  did  not  attend 
to  this  lafl  circumftance  very  accurately. 

Sulphur^  nitre^  common  fait ^  zw^fiints^  were 
put  to  alkaline  air  without  imbibing  any  part  of 
it;  but  charcoal^  fpunge,  bits  of  linen  cloth  ^  and 
other  fubflances  of  that  nature,  feemed  to  con- 
denfe  this  air  upon  their  furfaces ;  for  it  began 
to  diminilh  immediately  upon  their  being  put  to 
it ;  and  when  they  were  taken  bur  the  alkaline 
fmell  they  had  contracled  was  fo  pungent  as  to 
be  aim  oft  intolerable,  efpecially  that  of  the 
fpunge.  Perhaps  it  might  be  of  ufe  to  recover 
perfons  from  fwooning.  A  bit  of  fpunge,  about 
as  big  as  a  hazel  nut,prefently  imbibed  an  ounce 
meafure  of  alkaline  air. 

\ 

A  piece  of  the  infpiflated  juice  of  turnfole 
was  made  very  dry  and  warm,  and  yet  it  im¬ 
bibed  a  great  quantity  of  the  air  ;  by  which 
it  contraded  a  moft  pungent  fmell,  but  the  co¬ 
lour  of  it  was  not  changed. 
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Alum  undergoes  a  very  remarkable  change  bj 
the  adlion  of  alkaline  air.  The  outward  lhape 
and  fize  remain  the  fame,  but  the  internal  ftruc- 
ture  is  quite  changed,'  becoming  opaque,  beau¬ 
tifully  white,  and,  to  appearance,  in  all  refpcdls, 
like  alum  which  had  been  roafted  ;  and  fo  as 
not  to  be  at  all  affedted  by  a  degree  of  heat  that 
would  have  reduced  it  to  that  date  by  roafting. 
This  effed  is  produced  dowly  *,  and  if  a  piece 
of  alum  be  taken  out  of  alkaline  air  before  the 
operation  is  over,  the  infide  will  be  tranfparent, 
aiKi  the  outfide,  to  an  equal  thicknefs,  will  be  a 
white  crufl, 

I  Imagine  that  the  alkaline  vapour  feizes  upon 
the  water  that  enters  into  the  conftitution  of 
crude  alum,  and  which  would  have  been  ex¬ 
pelled  by  heat.  Roafted  alum  alfo  imbibes  al¬ 
kaline  air,  and,  like  the  raw  alum  that  has  been 
expofed  to  it,  acquires  a  tafte  that  is  peculiariJy 
difagrecable. 

Phofphcriis  gave  no  light  in  alkaline  air,  and 
made  no  lafting  change  in  its  dimenfions.  It 
varied,  indeed,  a  little,  being  fometimes  in- 
creafed  and  fometimes  diminiftied,  but  after  a 
day  and  a  night,  it  was  in  the  fame  ftate  as  at  the 
firft.  Water  abforbed  this  air  juft  as  if  no¬ 
thing  had  been  put  to  lU 
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Having  put  fome  fpirlt  of  fait  to  alkaline  air, 
the  air  was  prcfently  abforbed,  and  a  little  of 
the  white  fait  abovementioned  was  formed.  A 
Iktle  remained  unabforbed,  and  tranfparent, 
but  upon  the  admiffion  of  common  air  to  it/ 
it  inltantly  became  white,  '  ' 

Oil  of  vitriol^  alfo  formed  a  white  fait  with, 
alkaline  air,  and  this  did  not  rife  in  white  fumes. 

Acid  air,  as  I  have  obferved  in  my  former 
papers,  cxtinguifhes  a  candle.  Alkaline  air,  oa 
the  contrary,  I  was  furprizcd  to  find,  is  fiightly 
inflammable ;  which,  however,  feems  to  con¬ 
firm  the  opinion  of  chemifts,  that  the  volatile 
alkali  contains  phlogifton. 

I  dipped  a  lighted  candle  into  a  tall  cylindri¬ 
cal  veflel,  filled  with  alkaline  air,  when  it  went 
out  three  or  four  times  fucceflively ;  but  at  each 
time  the  flame  was  confiderably  enlarged,  by 
the  addition  of  another  flame,  of  a  pale  yellow 
colour ;  and  at  the  lafl:  time  this  light  flame  de- 
fcended  from  the  top  of  the  veflel  to  the  bot¬ 
tom.  At  another  time,  upon  prefenting  a 
lighted  candle  to  the  mouth  of  the  fame  veflfel, 
filled  with  the  fame  kind  of  air,  the  yellowifli, 
flame  afcended  two  inches  higher  than  the  flame 
of  the  candle.  The  eledric  (park  taken  in  al- 
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\ 

kaline  air  is  red,  as  it  is  in  common  inflamma¬ 
ble  air. 

Though  alkaline  air  be  inflammable,  it  ap¬ 
peared,  by  the  following  experiment,  to  be 
heavier  than  the  common  inflammable  air,  as 
well  as  to  contrad:  no  union  with  it.  Into  a 
veflTci  containing  a  quantity  of  inflammable  air, 
I  put  half  as/much  alkaline  air,  and  then  about 
the /ame  quantity  of  acid  air.  Thefe  immedi¬ 
ately  formed  a  white  cloud,  but  it  did  not  rife 
-  within  the  fpace  that  Was  occupied  by  the  in¬ 
flammable  air'  fo  that  this  latter  had  kept  its 
place  above  the  alkaline  air,  and  had  not  mixed 
with  it.  ^ 

'  .■*  i 

That  alkaline  air  is  lighter  than  acid. air  is 
^  evident  from  the  appearances  that  attend  the 
mixture,  which  are  indeed  very  beautiful.  When 
acid  air  is  introduced  into  a  vcfTel  containing 
alkaline  air,  the  white  cloud  which  they  form 
appears  at  the  bottom  only,  and  afeends  gradu¬ 
ally.  .  But  when  the  alkaline  air  is  put  to  the 
acid,  the  whole  becomes  immediately  cloudy^ 
quite  to  the  top  of  the  veflTeL 

In  the  lafl  place,  I  fhall  obferve  that  alkaline 
air,  as  well  as  acid,  diflblves  ice  as  fafl:  as  a  hot 
fire  can  do  it.  This  was  tried  when  both  the 
kinds  of  air,  and  every  inflrumcnt  made  ufe  of 

ia 
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in  the  experiment,  had  been  cxpofed  to  a  pret¬ 
ty  intenfe  froft  feveral  hours.  In  both  cafes, 
alfo,  the  water  into  which  the  ice  v/as  melted 
diflblved  mere  ice,  to  a  confiderable  quantity^ 

SECTION  IL- 

( 

0/ COMMON  Air.  diminijhed  arid  made  noxious 

by  various  procejj'es. 

« 

It  will  have  been  obferved  that,  in  the  firft 
publication  of  my  papers,  I  confined  myfelf 
chiefly  to  the  narration  of  the  new  faEls  which 
I  had  difeovered,  barely  mentioning  any  hypo- 
thejes  that  occurred  to.-  me,  and  never  feeming 
to  lay  much  ftrefs  upon  them.  The  reafon 
why  I  was  fo  much  upon  my  guard  in  this  re- 
fpcdf  was,  left,  in  confequence  of  attaching  my¬ 
felf  to  any  hypothefis  too  foon,  the  fuccefs  of 
my  future  inquiries  might  be  obftrudted.  But 
fubfequent  experiments  having  thrown  great' 
light  upon  the  preceding  ones  and  having, 
confirmed  the  few  conjedfures  I  then  advanced, 
I  may  now  venture  to  fpeak  of  my  hypothefes 
with  a  little  lefs  diflidence.  Still,  however, 
I  (hall  be  ready  to  relinquifli  any  notions  I  may 
now  entertain,  if  new  fafts  fliould  hereafter  ap¬ 
pear,  not  to  favour  them,' 
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In  a  great  variety  of  cafes  I  have  obferved 
that  there  is  a  remarkable  diminution  of  com¬ 
mon,  or  refpirable  air,  in  proportion  to  which 
it  is  always  rendered  unfit  for  refpiration,  in- 
difpofed  to  effervefce  with  nitrous  air,  and  in¬ 
capable  of  farther  diminution  from  any  other 
caufe.  The  circumftances  which  produce  this 
efie(51:  I  had  then  obferved'  to  be  the  burning  of 
candles,  the  refpiration  of  animals,  the  putre- 
fadion  of  vegetables  or  animal  fubftances, 
the  effervefcence  of  iron  filings  and  brimftone, 
the  calcination  of  metals,  the  fumes  of  char¬ 
coal,  the  effluvia  of  paint  made  of  white-lead 
and  oil,  and  a  mixture  of  nitrous  air. 

All  thefe  procelTes,  I  obferved,  agree  in  this 
one  circumfbance,  and  I  believe  in  no  other, 
that  the  principle  which  the  chemifls  call  phlo- 
gifion  is  fet  loofe ;  and  therefore  I  concluded 
that  the  diminution  of  the  air  was,  in  feme 
way  or  other,  the  conlcqucnce  of  the  air  be¬ 
coming  overcharged  with  phlogiflon,*  and  that 
water,  and  growing  vegetables,  tend  to  reilore 

this 

*  On  this  account,  if  it  was  thought  convenient  to  in¬ 
troduce  a  new  term  (or  rather  make  a  new  application  of 
a  term  already  in  ufe  among  chemifts)  it  might  not  be  a- 
mifs  to  call  air  that  has  been  diminifhed,  and  made  noxious 
by  any  of  the  procefTes  above  mentioned,  or  others  fimilac 
to  them,  by  the  common  appellation  of  phlogijiicated  air\ 

and. 
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ihis  air  to  a  ftate  fit  for  refpiration,  by  im¬ 
bibing  the  fuperfluous  phlogifton.  Several  ex¬ 
periments  which  I  have  fince  made  tend  to  con¬ 
firm  this  fuppofition, 

\ 

Common  air,-  I  find,  is  diiriiniflied,^  and  ren¬ 
dered  noxious,  by  liver  of  fulphur^  which  the 
ehemifts  fay  exhales  phlogifton,  and  nothing 
elfe.  The  diminution  in  this  cafe  was  one 
fifth  of  the  whole,  and  afterwards,  as  in  other 
fimilar  cafes,  it  made  no  effervefcence  with  ni¬ 
trous  air,‘ 

I  found  alfo,  after  Dr.  Hales^  that  air  is  di- 
minilhed  by  Homberg^s  pyrophorus. 

The  fame  cffedt  iS  produced  by  firing  gun- 
powder  in  ain  This  I  tried  by  firing  the  gun-] 
powder  in  a  receiver  half  exhaufied,  by  which 
the  air  was  rather  more  injured  than  it  would 
have  been  by  candles  burning  in  it; 

Air  is  diminifhed  by  a  cement  made  with  onb' 
half  common  coarfe  turpentine  and  half  bees¬ 
wax.  ^  This  was  the  refult  of  a  very  cafual  *ob- 

and,  if  it  was  necefTary,  the  particular  process  by  which  it 
was  phlogifticated  might  be  added  ;  as  common  air  phlo- 
gifticated  by  charcoal,  air  phlogifticated  by  the  calcination 
of  metals,  nitrous  air  phlogifticated  with  the  liver  of  ful- 
phur,  kc, 

N  2  fervation. 
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fervation.  ■  Having,  in  an  air-pump  of  Mr. 
Smtoon's  confl:ru61:ion5  clofed  that  end  of  the 
fyphon-gagc,  which  is  expofed  to  the  outward 
air,  with  this  cement  (which  I  knew  would 
n:|ake  it  perfediy  air-light)  inilead  of  fealing  it 
hermetically  ;  1  obfervcd  that,  in  a  cpurfe  of 
time,  the  quickfilver  in  that  leg  kept  conti¬ 
nually  rifing,  fo  that  the  meafures  I  marked 
upon  it  were  of  no  ufe  to  me;  and  when  I 
opened  that  end  of  the  tube,  and  clofed  it 
asain,  the  fame  confequence  always  took  place. 
At  length,  fufpeding  that  this  efFed  mud  have 
arifen  from  the  bit  of  cement  air 

to  which  it  w'as  expofed,  I  covered  all  the  infide 
of  a  glals  tube  with  it,  and  one  end  of  it  be¬ 
ing  quite  clofed  with  the  cement,  I  fet  it  per¬ 
pendicular,  with  its  open  end  immerfed  in  a 
bafgn  of  quickfilver ;  and  was  prefently  fatis- 
fied  that  my  conjedure  was  well  founded  :  for, 
in  a  few  days,  the  quickfilver  rofe  fo  much 
ewithin  the  tube,  that  the  air  in  the  infide  ap¬ 
peared  to  be  climinidied  about  one  fixth. 

To  chan2:e  this  air  I  filled  the  tube  with 
quickfilver,  and  pouring  it  out  again,  I  re¬ 
placed  the  tube  in  its-  former  fituation  ;  when 
the  air  was  diminiflied  again,  but  not  fo  fad  as 
before.  The  fame  lining  of  cement  diminifh- 
ed  .the  air  a  third  time.  How  long  it  will  re¬ 
tain  this  power  I  cannot  tell.  This  cement  had 

been 
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• 

been  made  feveral  months  before  I  made  this 
experiment  with  it.  I  mud  obferve,  however, 
that  another  quantity  of  this  kind  of  cement, 
made  with  a  finer  and  more  liquid  turpentine, 
had  not  the  power  of  diminifliing  air,  except 
in  a  very  fniall  proportion.  Alfo  the  common 
red  cement  has  this  j^roperty  in  the  fame  fmall 
degree.  Common  air,  how^ever,  which  had  been 
confined  in  a  glafs  veflel  lined  with  this  cement 
about  a  month;  was  fo  far  injured  that  a  candle 
would  not  burn  in  it.  In  a  longer  time  it 
would,  I  doubt  not,  have  become  thoroughly 
noxious. 

\ 

Iron  that  has  been  fuffered  to  ruft  in  nitrous 
air  diminiflies  common  air  very  fad,  as  I  fhall 
have  occafion  to  mention  v^hen  I  give  a  con¬ 
tinuation  of  my  experiments  on  nitrous  air. 

\ 

Ladly,  the  fame  eded:,  I  find,  is  produced 
by  the  cleBric  fpark,  though  I  had  no  expeeda- 
tion  of  this  event  when  I  made  the  experiment. 

This  experiment,  however,  and  thofe  which 
I  have  made  in  purfuance  of  it,  has  fully  con¬ 
firmed  another  of  my  conjedures,  wdiich  re¬ 
lates  to  the  manner  in  which  air  is  diminifihed 
by  being  overcharged  with  phlogidon,  viz.  the 
phlogidon  having  a  nearer  affinity  with  fome  of 
the  condituent  parts  of  the  air  than  the  fixed 
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mr  which  enters  into  the  compofition  of  it,  in 
confequence  of  which  the  fixed  air  is  precipi¬ 
tated. 

This  I  firfl:  imagined  from  perceiving  that 
lime-water  became  turbid  by  burning  candles 
over  it,  p.44.  This  was  alfothe  cafe  with  lime- 
water  confined  in  air  in  which  an  animal  fub- 
llance  was  putrefying,  or  in  which  an  animal 
died,  p.  79.  and  that  in  which  charcoal  was 
burned,  p.  81.  But,  in  all  thefe  cafes,  there 
was  a  pofiibility  of  the  fixed  air  being  dif- 
charged  from  the  candle,  the  putrefying  fub- 
fiance,.  the  lungs  of  the  animal,  or  the  char¬ 
coal.  That  there  is, a  precipitation  of  lime 
when  nitrous  air  is  mixed -with  common  airj  I 
had  not  then  obferved,  but  I  have  fince  found 
it  to  be  the  cafe. 

That  there  was  no  precipitation  of  lime  when 
brimfione  was  burned,  I  obferved,  p.  45. 
Height  be  owing  to  the  fixed  air  and  the  lime 
unitine  with  the  vitriolic  acid,  and  making  a 
fait,  v\  hich  was  foluble  in  water  •,  which  fait 
I,  indeed,  difcovered  by  the  evaporation  of  the 
water. 

I  alfo  obferved,  p.  46,  105.  that  diminifiied 
air  being  rather  lighter  than  common  air  is  a 
circumllance  in  favour  of  the  fixed,  or  the 
’ ’  '  '  heavier 
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heavier  part  of  the  common  air,  having  been 
precipitated. 

It  was  upon  this  idea,  together  with  others 
fimilar  to  it,  that  1  took  fo  much  pains  to  mix 
fixed  air  with  air  diminillied  by  refpiration  or 
putrefadfion,  in  order  to  make  it  fit  for  refpira¬ 
tion  again  ;  and  I  thought  that  I  had,  in  gene¬ 
ral,  fucceedcd  to  a  confiderable  degree,  p.  99, 
&c,  I  will  add,  alfo,  what  I  did  not  mention 
befpre,  that  I  once  endeavoured,  but  without 
effe<!d,  to  preferve  mice  alive  in  the  lame  un¬ 
changed  air,  by  fupplying  them  with  fixed  air, 
when  the  air  in  which  they  were  confined  began 
to  be  injured  by  their  refpiration.  Without 
effedb,  alfo,  I  confined  for  fome  months,  a 
quantity  of  quick  lime  in  a  given  quantity  of 
common  air,  thinking  it  might  extract  the  fixed 
air  from  it.  ’  ' 

The  experiments  which  I  made  with  elec¬ 
tricity  were  folely  intended  to  afcertain  what 
has  often  been  attempted,  but,  as  far  as  I 
know,  had  never  been  fully  accomplifhed,  viz. 
to  change  the  blue  colour  of  liquors,  tinged 
with  vegetable  juices,  red. 

/ 

For  this  purpofe  I  made  ufe  of  a  glafs  tube, 
about  one  tenth  of  an  inch  diameter  in  the  infide, 
as  in  fig.  16.  In  one  end  of  this  I  cemented 
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a  piece  of  wire  on  which  I  put  a  brafs  ball* 
The  lower  part  from  a  was  hlled  with  water 
tinged  blue,  or  rather  purple,  with  the  juice  of 
turnible,  or  archil.  I'his  is  caiily  done  by  an 
air-pump,  the  tube  being  fet  in  a  velfel  of  the 
tinp-cd  water. 

o  •  ^ 

V 

/> 

•  Things  being  thus  prepared,  I  perceived that> 
after  I  had  taken  the  eieftric  fpark,  between 
the  wire  hy  and  the  liquor  at  a,  about  a  minute, 
the  upper  part  of  it  began  to  look  red,  and  in 
about  tv/o  minutes  it  was  very  manifeflly  fo ; 
and  the  red  part,  which  was  about  a  quarter  of 
an  inch  in  length,  did  not  readiiv  mix  with  the 
reft  of  the  liquor.  I  obferved  alfo,  that  if 
-the  rube  lay  inclined  while  I  took  the  fparks, 
the  rednefs  extended  twice  as  iar  on  the  lower 
fide  as  on  the  upper. 

r 

Themoft  Important,  though  theleaft  expedt* 
edobfervacion,hovrever,  was  that,  in  proportion 
as  the  liquor  became  red,  it  advanced  nearer  to 
the  wire,  fo  that  the  Ipace  of  air  in  which  the 
fparks  were  taken  was  diminiflicd  ;  and  at  length 
.1  found  that  the  diminution  was  about  one  fifth 
of  th^  whole  fpace  ;  after  which  more  eledtrify- 
ing  produced  no  fenfible  efiedt. 

To  determine  whether  the  caufe  of  the  change 
pf  colour  was  in  the  air^  or  in  the  ele^iric 

I 

matter^ 


} 
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matter^  I  expanded  the  air  w  hich  had  been  di- 

miniflied  in  the  tube  by  means  of  an  air-pump, 

till  it  expelled  all  the  liquor,  and  admitted  frefh 

blue  liquor  info  its  place  ;  but  after  that,  eleGiri- 

\ 

city  produced  no  fenfiblc  effedf,  either  on  the 
air,  or  on  the  liquor  ;  fo  that  it  was  evident 
that  the  elecfric  matter  had  decompofed  the' air, 
and  had  made  it  depofite  fomething  that  was  of 
an  acid  nature. 

\ 

\ 

\ 

In  order  to  determine  whether  the  'wire  had 
contributed  anything  to  thisefFed:,  I  ufed  wires 
of  different  metals,  iron,  copper,  brafs,  and 
filver  ;  but  the  refult  was  the  very  fame  with 
them' all. 

\ 

It  w’-as  alfo  the  fame  when,  by  means  of  a 
bent  glafs  tube,  I  made  the  'eledric  fpark  with¬ 
out  any'wire  at  all,  in  the  following  manner. 
Each  leg  of  the  tube,  fig.  19.  flood  in  a  balbn 
of  quickfilver  ;  which,  by  means  of  an  air- 
pump,  w^as  made  to  alcend  as  high  as  j,  in 
each  Icor,  while  the  fuace  between  a  and  h  in 
each  contained  the  blue  liquor,  and  the  fpace 
between  h  and  I  contained  common  air.  Things 
being  thus  difpofed,  I  made  the  eleffric  fpark 
perform  the  circuit  from  one  leg  to  the  other, 
paffing  from  the  liquor  in  one  leg  of  the  tube 
to  the  liquor  in  the  other  leg,  through  the  fpace 
of  air.  The  effect  was,  that  the  liquor,  in 

both 


I 
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both  the  legs,  became  red,  and  the  Ipace  of  air 
between  them  was  contraded,  as  before. 

Air  thus  diminillied  By  eledricity  makes  no 
effervefcence  with,  and  is  no  farther  diminifhed 
by  a  mixture  of  nitrous  air ;  fo  that  it  muft 
have  been  in  the  highell  degree  noxious,  exadly 
like  air  diminifhed  by  any  other  procefs. 

In  order  to  determine  what  the  acid  was, 
which  was  depofited,  by  the  air,  and  w^hich 
changed  the  colour  of  the  blue  liquor,  I  expofed 
a  fmall  quantity  of  the  liquor  fo  changed  to 
the  common  air,  and  found  that  it  reco veered 
its  blue  colour,  exactly  as  water,  tinged  with 
the  fame  blue,  and  impregnated  with  fixed  air, 
will  do.  But  the  following  experiment  wasitill 
more  decifive  to  this  purpofe.  "I  aking  the 
eledric  fpark  upon  lime-zvater^  inflead  of  the 
blue  liquor,  the  lime  was  precipitated  as  the  air 
diminifhed.  ' 

From  thefe  experiments  it  pretty  clearly  fol¬ 
lows,  that  the  eledric  matter  either  is,  or  con¬ 
tains  phlogifton ;  fince  it  does  the  very  fame 
thing  that  phlogiflon  does.  It  is  alfo  probable, 
from  thefe  experiments,  that  the  fulphureous 
fmell,  which  is  occafioned  by  eledricity,  being 
very  different  from  that  of  fixed  air,  the  phlo- 

gifton 
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giflon  in  the  ele&ic  matter  itfelf  may  contribute 
to  it. 

It  was  now  evident  that  common  air  dimi- 
nifhed  by  anyone  of  the  procefies  abovemen- 
tioned  being  the  fame  thing,  as  I  have  obferved, 
with  air  diminillied  by  any  other  of  themi  (fince 
it  is  not  liable  to  be  farther  diminifhed  by  any 
other)  the  lols  which  it  fiiflains,  in  alfthe  cafes, 
is,  in  part,  that  of  the  fixed  air  which  entered 
into  its  conftitution.  The  fixed  air  thus  pre¬ 
cipitated  from  common  air  by  means  of  phlo- 
gifton  unites  with  lime,  if  any  lime  water  be- 
ready  to  receive  it,  unlefs  there  be  fome  other 
fubftance  at  hand,  with  which  it  has  a  greater 
affinity,  calces  ofi  fnetals. 

If  the  whole  of  the  diminution  of  common 
air  was  produced  by  the  depofition  of  fixed  air, 
it  would  be  eafy  to  afeertain  the  quantity  of 
fixed  air  that  is  contained  in  any  given  quantity 
of  common  air.  But  it  is  evident  that  the 
whole  of  the  diminution  of  common  air  by 
phlogiflon  is  not  owing  to  the  precipitation  of 
fixed  air,  becaufe  a  mixture  of  nitrous  air  will 
make  a  great  diminution  in  all  kinds  of  air 
that  are  fit  for  refpiration,  even  though  they 
never  were  common  air,  and  though  nothing 
was  ufed  in  the  procefs  for  generating  them  that 
pan  be  fuppofed  to  yield  fixed  air. 
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Indeed,  it  appears,  from  fome  of  the  experi¬ 
ments,  that'  the  diminution  of  fome  of  thefe 
kinds  of  air  by  nitrous  air  is  fo  great,  and  ap¬ 
proaches  fo  nearly  to  the  quantity  of  the  dimi¬ 
nution  of  common  air  by  the  fame  procefs,  as 
to  fliew  that,  unlcfs  they^  be  very 'differently 
affected  by  phlogiflon,  very  little  is  to  be  al¬ 
lowed  to  the  lofs  of  fixed  air  in  the  diminution 
^  of  common  air  by  nitrous  air. 

I 

The  kinds  of  air  on  which  this  experiment 
was  made  were  infiammable  air,  nitrous  air 
diminiflied  by  iron  filings  and  brimftonc,  and 
nitrous  air  itlelf ;  all  of  which  are  produced  by 
the  folution  of  metals  in  acids;  and  alfo  on 
common  air  diminifhed  and  made  noxious,  and 
therefore  depriveti  of  its  fixed  air  by  phlogifiic 
/  proceffes  ;  and  they  w^ere  reftore-d  to  a  great 
degree  of  purity  by  agitation  in  water,  out  of 
which  its  own  air  had  been  carefuliy  boiled. 

'  I 

To  five  parts  of  infiammable  air,  which  had 
been  agitated  in  water  till  it  was  diminifhed 
about  one  half  (at  w  hich  time  part  of  it  fired 
with  a  weak  explofion)  I  put  one  part  of  nitrous 
air,  w^hich  diminifhed  it  one  eighth  of  the  whole. 
This  was  done  in  lime-water,  wdthout  any  pre¬ 
cipitation  of  lime.  To  compare  this  with  com¬ 
mon  air,  I  mixed  the  fame  quantity,  viz,  five 
parts  of  this,  and  one  part  of  nitrous  air :  w’hcn 

-  a  con- 
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confiderable  cruft  of  lime  was  formed  upon 
the  furface  of  the  lime  water,  though  the  dimi¬ 
nution  was  very  little  more>thaii  in  the  former 
procefs.  It  is  poftiblc,  however,  that  the  com¬ 
mon  air  might  have  'tarken  more  nitrous  air 
before  it  was  fully  faturated,  fo  as  to  begin  to 
receive  an  addition  to  its  bulk. 

I  agitated  in  water  a  quantity  of  nitrous  air 
phlogifticated  with  iron  filings  and  brimftone, 
and  found  it  to  be  fo  far  reftored,  that  three 
fourths  of  an  ounce  meafure  of  nitrous  air  being 
put  to  two  ounce  meafures  of  it,  made  no  ad¬ 
dition  to  it. 

But  the  moft  remarkable  ofthefe  experiments 
is  that  which  I  nitrous  air  itfelf  which 

I  had  no  idea  ot  the  pofiibility  of  reducing  to 
a  ftatc  fit  for  refpiration  by  any  procefs  what¬ 
ever,  at 'the  time  of  my  former  publication  on 
this  fubjedf.  This  air,  how^evcr,  itfelf,  without 
any  previous  phlogiftication,  is  purified  by  agi¬ 
tation  in  water  till  it  is  diminiftied  by  frefti 
nitrous  air,  and  to  a  very  confiderable  degree. 

In  a  pretty  long  time  I  agitated  nitrous  air  in 
water,  fupplying  it  from  time  to  time  wdth 
more,  as  the  former  quantity  diminifiied,  till 
only  one  eighteenth  of  the  wdiole  quantity 
remained  *,  in  which  ftate  it  was  fo  wholefome, 

that 
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that  a  moufe  lived  in  rv/o  ounce  meafures  of  it 
more  than  ten  minutes,  without  Ihewing  any 
lign  of  imeafinefs ;  fo  that  I  concluded  it  miift  • 
have  been  about  as  good  as  air  in  which 
candles  had  buriied  out.  After  agitating  it 
again  in  water,  I  put  one  part  of  treih  nitrous 
air  to  five  parts  of  this  air,  and  it  was  dimi- 
nifiied  one  ninth  part.  I  then  agitated  it  a  third 
time,  and  putting  mo're  nitrous  air  to  it,  it  was 
diminilhed  again  in  the  fame  proportion,  and  fo 
a  fourth  time  \  fo  that,  by  continually  repeating 
the  procefs,  it  would,  I  doubt  notj  have  been 
all  abforbed.  Thefe  procelTes  were  made  in 
lime-water,  without  forming  any  incrullation 
on  the  furface  of  it.- 

Lafily,  I  took  a  quantity  of  common  air, 
which  had  been  diminilhed  and  made  noxious 
by  phiogiftic  procefies  ;  and  when  it  had  been  ' 
agitated  in  water,  1  found  that  it  was  dlmi- 
nifhed  by  nitrous  air,  though  not  fo  much  as  it 
would  have  been  at  the  firfi.  After  cleanfing 
k  a  iccond  time,  it  was  diminilhed  again  by  the 
fame  means  ;  and,  after  that,  a  third  time  ;  and 
thus  there  can  be  no  doubt  but  that,  in  time^ 
the  whole  quantity  would  have  difappeared. 
For  I  have  never  found  that  agitation  in  water, 
deprived  of  its  own  air,  made  any  addition  to 
a  quantity  of  noxious  air  •,  though,  a  priori^  it 
might  have  been  imagined  that,  as  a  faturation 

'  with 
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with  phlogifton  diminilhes  air,  the  extra6i:i6n  of 
phlogifton  would  increafe  the  bulk  of  it.  On 
the  contrary,  agitation  in  water  always  dimi- 
niflied  noxious  air  a  little  ;  indeed,  if  water  he* 
deprived  of  all  its  own  air,  it  is  impcffible  to 
agitate  any  kind  of  air  in  it  without  fome  lots. 
Alfo,  when  noxious  air  has  been  reflored  by 
plants,  i  never  perceived  that  it  gained  any 
addition  to  its  bulk  by  that  means.  There  was 
no  incrufiation  of  the  lime-water  in  the  above- 
mentioned  experiment. 

It  is  not  a  little  remarkable,  that  thofe  kinds 
of  air  which  never  had  been  common  air,  as 
inflammable  air,  phlogifticated  nitrous  air,  and 
nitrous  air  itfelf,  when  rendered  wholefome  by 
agitation  in  water,  fhould  be  more  diminifhed 
by  frelh  nitrous  air,  than  common  air  which 
had  been  made  noxious,  and  reflored  by  the 
fame  procefs ;  and  yet,  from  the  few  trials  that 
I  have  made,  I  could  not  help  concluding  that 
this  is  the  cafe. 

In  this  courfe  of  experiments  I  was  very  near 
deceiving  myfelf,  in  confcquence  of  transferring 
the  nitrous  air  which  I  made  ufc  of  in  a  blad¬ 
der,  in  the  manner  deferibed,  p.  15.%.  9.  fo 
as  to  conclude  that  there  was  a  precipitation  of 
lime  in  all  the  above-mentioned  cafes,  and  that 
even  nitrous  air  itfelf  produced  that  effed:.  But 

'  after 
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after  repeated  trials,  I  found  that  there  was  no 
precipitation  of  lime,  except  in  the  firft  dimi¬ 
nution  of  common  air,  when  the  nitrous  air 
was  transferred  in  a  glafs  vefleh 

\ 

That  the  calces  of  metals  contain  air,  of  fome 
kind  or  other,  and  that  thi's  air  contributes  to 
the  additional  weight  of  the  calces,  above  that 
of  the  metals  from  which  they  are  made,  had 
been  obferved  by  Dr.  Hales ;  and  Mr.  Hartley 
had  informed  me,  that  when  red- lead  is  boiled 
in  linfeed  oil,  there  is  a  prodigious  difeharge  of 
air  before  they  incorporate.  I  had  iikewife 
found,  that  no  weight  is  either  gained  or  loft 
by  the  calcination  of  tin  in  a  clofe  glafs  veftcl  ^ 
but  I  purpofely'  deferred  making  any  more 
e^fperiments  on  the  fubject,  till  we  ihould  have 
fome  weather  in  which  I  could  make  ufe  of  a 

*  i 

large  burning  lens,  .which  I  had  provided  for 
that  and  other  purpofes ;  but,  in  the  mean 
time,  I  was  led  to  the  difeovery  in  a  different 
manner. 

Having,  by  the  laft-re  cited  experiments,  been 
led  to  confider  the  eledrie  matter  as  phlogifton, 
or  fompthjng  containing  phlogifton,  I  was  en¬ 
deavouring  to  revivify  the  calx  of  lead  v/ith  it  5 
v/hen  I  was  furpriz.ed  to  perceive  a  conliderable 
generation  of  air.  It  occurred  to  me,  that  pof- 
ftbly  this  effed:  might  arife  from  the  heat  com¬ 
municated 
« 
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mnnicated  to  the  red-lead  by  the  eledlric  fparks, 
and  therefore  I  immediately  filled  a  fmall  phial 
with  the  red-lead,  and  heatirig  it  with  a  candle, 

I  prefently  expelled  from  it  a  quantity  of  :^ir 
ilbout  four  or  five  times  the  bulk  of  the  lead, 
the  air  being  received  in  a  velTel  of  quickhlver. 
How  much  more  air  it  would  have  yielded,  I 
did  not  try. 

V 

f 

Along  with  the  air,  a  fmall  quantity  of  zvater 
was  likewife  thrown  out  \  and  it  immediately 
occurred  to  me,  that  this  water  and  air  together 
mull;  certainly  be  the  caufe  of  the  addition  of 
weight  in  the  calx.  It  ft  ill  remained  to  exa¬ 
mine  what  kind  of  air  this  was  ;  but  admitting  * 
water  to  it,  I  found  that  it  was  imbibed  by  it, 
exactly  fixed  air^  which  I  therefore  imme¬ 
diately  concluded  it  mull  be 

After  this,  I  found  that  Mr.  Lavoifier  had 
completely  difcovered  the  fame  thing,  though 
his  apparatus  being  more  complex, 'and  lefs 

*  Here  it  becomes  me  to  alk  pardon  of  that  excellent 
philofopher  Father Beccaria  of  Turin,  for  conjeduring  that 
the  phlogilton,  with  which  he  revivified  metals,  did  not 
come  from  the  eledric  matter  itfelf,  but  from  what  was 
difcharged  from  other  pieces  of  metal  with  which  he  made 
the  experiment.  See  Hificry  ofEledricity,  p.  277,  &c.  This 
re'ui’vificaiion  of  metals  by  elediicity  completes  the  proof  of 
the  eledric  matter  being,  or  containing  phlogifion. 

o 
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accurate  than  mine,  he  concluded  that  more  of 
the  air  difcharged  from  the  calces  of  metals 
was  immifcible  with  water  than  I  found  it  to 
be.  It  appeared  to  me  that  I  had  never  ob¬ 
tained  fixed  air  more  pure. 

It  being  now  pretty  clearly  determined,  that 
common  air  is  made  to  depofit  the  fixed  air 
which  entered  into  the  conllitution  of  it,  by 
means  of  phlogiflon,  in  all  the  cafes  of  dimi-  * 
niflied  air,  it  will  follow,  that  in  the  precipi¬ 
tation  of  lime,  by  breathing  into  lime-water 
the  fixed  air,  which  incorporates  with  lime, 
comes  not  from  the  lungs,  but  from  the  com¬ 
mon  air,  decompofed  by  the  phlogiflon  exhaled 
from  them,  and  difcharged,  after  having  been 
taken  in  with  the  aliment,  and  having  per¬ 
formed  its  fundlion  in  the  animal  fyftem. 

I 

Thus  my  conjedfurc  is  more  confirmed,  that 
the  caufe  of  the  death  of  animals  in  confined 
air  is  not  owing  to  the  want  of  any  pabulum 
which  the  air  had  been  fuppofed  to  con¬ 
tain,  but  to  the  want  of  a  difeharge  of  the 
phlogillic  matter,  with  which  the  fyftem  was 
loaded ;  the  air,  when  once  laturated  with  it, 
being  no  fufficient  menjiruum  to  take  it  up. 

The  inflantaneous  death  of  animals  put  into 

air  fo  vitiated,  I  ftill  think  is  owing  to  fomc 

Jlimulus^ 
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flimulus,  which,  by  caufmg  immediate,  univer- 
fal  and  violeiv:  convulfions,  exhanfls  the  whole 
of  the  vis  vita'  at  once  j  becaufe,  'as  I  have  ob- 
ferved,  the  manner  of  their  death  is  the  very 
fame  in  all  the  different  kinds  of  noxious  air. 

t 

To  this  fedlion  on  the  fubjedt  of  diminifli- 
ed,  and  noxious  air,  or  as  it  might  have  been 
ceiled  phlogijlicated  air^  I  fliall  fubjoin  a  lettef 
which  I  acldrelled  to  Sir  John  Pringle,  on  the 
noxious  quality  of  the  effluvia  of  putrid  marflies, 
and  which  was  read  at  a  meeting^  of  the  Roval 
Society,  December  i6,  1773. 

This  letter  which  is  printed  in  the'  Philofophi- 
cal  Tranfadtions,  Vol.  74,  p.  90.  is  immediate¬ 
ly  followed  by  aricther  paper,  to  which  I  would 
refer  my  reader^  It  was  written  by  Dr.  Price, 
who  has  fo  greatly  diftinguifhed  himfelf,  and 
done  fuch  eminent  fervice  to  his  country,  and 
to  mankind,  by  his  calculations  relating  to  the 
probabilities  of  human  life,  and  was  Ibggeftc^ 
by  his  hearing  this  letter  read  at  the  PwOyal  vSo- 
ciety.  It  contains  a  confirmation  of  my  obfer- 
vations  on  the  noxious  effedts  of  ftagnant  waters 
by  dedudtions  from  Mr.  Muret’js  account  of  the 
Bills  of  Mortality  for  a  'parifli  fituated  among 
marflies,  in  the  diftridt  of  Vaud,  belonging  to 
the  Canton  of  Bern  in  Switzerland. 
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To  Sir  JOHN  PRINGLE,  BaroneL 

DEAR  SIR, 

Having  purlued  my  experiments  on  different 
kinds  of  air  confiderably  farther,  in  feveral  re- 
fpeds,  than  I  had  done,  when  I  prefented  the 
laff  account  of  them  to  the  Royal  Society  ; 
and  being  encouraged  by  the  favourable  notice 
which  the  Society  has  been  pleafed  to  take  of 
them,  I  hiall  continue  my  communications  on 
"this  fubjedt ;  bur,  without  waiting  for  the  re- 
fult  of  a  variety  of  proceffes,  which  I  have 
now  going  on,  or  of  other  experiments,  which 
I  propofe  to  niake,  I  ffiall,  from  time  to  time, 
communicate  fuch  detached  articles,  as  I  fhali 
have  o;lven  the  mod:  attention  to,  and  wdth  re- 
Ibedl  to  which,  I  Hi  all  have  been  the  moff  fuc- 
cefsful  in  my  inquiries. 

Since  the  publication  of  my  papers,  I  have 
read  tw^o  treatifes,  written  by  Dr.  Alexander, 
of  Edinburgh,  and  am  exceedingly  pleafed 
wdth  the  fpirit  of  phllofophical  inquiry,  which 
they  dlfcover.  They  appear  to  me  to  contain 
many  new,  curious,  and  valuable  obfervations  ; 
but  one  of  th&  conclvjlons^  which  he  draws 

from  his  experiments,  I  am  fatisfied,  from  my 

own 
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own  obfervations,  is  ill  founded,  and  from  the 
nature  of  it,  rnufi;  be  dangeroiis.  I  mean  his 
maintaining,  that  there  is  nothing  to  be  ap¬ 
prehended  from  the  neighbourhood  of  putrid 
marflies, 

I 

V  • 

I  was  particularly  furprlfed,  to  m.eet  with 
fuch  an  opinion  as  this,  in  a  book  inferibed  to 
yourfelf,  who-  have  fo  clearly  explained  the 
great  mifehief  of  fuch  a  fituation,  in  your  ex¬ 
cellent  tre;atire  on  the  difeafes  of  the  army.  On 
this  account,  I  have  thought  it  not  improper, 
to  addrefs  to  you  the  '  following  obfervations 
and  experiments,  v/hich  I  think  clearly  demon- 
ilrate  the  fallacy  of  Dr.  Alexander’s  reafon- 
ing,  indifputably  eftabliih  your  dodlrine,  and 
indeed  juftify  the  apprehenfions  of  all  mankind 
in  this  cafe. 

I  think  it  probable  enough,  that  putrid  mat¬ 
ter,  as  Dr.  Alexander  has  endeavoured  to 
'  prove,  will  preferve  other  fubflances  frorn  pii- 
trefadlion  ;  becaufe,  being  already  fatu rated 
w^ith  the  putrid  effluvium,  it  cannot  readily 
take  any  more  ;  but  Dr.  Alexander  was  not 
aware,  that  air  thus  loaded  with  putrid  efflu- 
vium  is  exceedingly* noxious  when  taken  into 
the  lungs.  I  have  lately,  however,  had  an  op¬ 
portunity  of  fully  afeertaining  how  very  noxious 
fuch  air  is. 

P  3, 
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Happening  to  ufe  at  Caine,  a  mtich  larger 
trough  of  water,  for  the  purpofe  of  my  expe¬ 
riments,  than  I  had  done  at  Leeds,  and  not 
havinf?:'  frell'?  water  fo  near  at  hand  as  I  had 
tlurc,  I  jiegledted  to  change  it,  till  it  turned 
black,  and  became  offenfiye,  but  by  no  means 
to  luch  a  degree,  as  to  deter  me  from  making 
ufe  of  it.  In  this  liiate  of  the  water,  I  ob- 
fervcd  bubbles  of  air  to  rife  from  it,  and  efpe- 
cially  in  one  place,  to  which  fome  fhelves, 
that  I  had  in  it,  diredled  them;  and  having 
fet  an  inverted  o-lafs  veifel  to  catch  them,  in  a 
few  days  I'cclledted  a  conliderablc  quantity  of 
this  air,  which  iffued  fpontaneoufiy  from  the 
putrid  water  *,  and  putting  nitrous  air  to  it,  I 
found  that  no  change  of  colour  or  diminution 
enfued,  fo  that  it  muft  have  been,  in  the  high- 
eft  degree,  noxious.  I  repeated  tire  fame  ex- 
'  periment  feyeral  times  afterwards,  and  always 
with  the  fame  refult. 

After  this,  I  had  the  curiofity  to  try  hpw 
whole  feme  air  would  be  affedied  by  this  water  ; 
when,  tQ  my  real  furprife,  I  found,  that  after 
only  one  minute’s  agitation  in  it,  a  candle  would 
not  burn  in  it  and,  after  three  or  four  mi¬ 
nutes,  it  was  in  the  fame  ftate  with  the  air, 
which  had  iftiied  fpontaneoufty  from  the  fame 
W’ater. 

I  alfq 
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# 

^  I  alfo  found,  that  common  air,  confined  in  a 
glafs  vefTel,  in  contact  only  with  this  water,' 
and  without  any  agitation,  would  not  admit  a 
candle  to  burn  in  it  after  two  days. 

Thefe  fads  *  certainly  demonftrate,  that  air 
which  either  arifes  from  ftagnant  and  putrid 
water,  or  which  has  been  for  fome  time  in  con- 
tad:  with  it,  mud  be  very  unfit  for  refpira- 
tibn  ;  and  yet  Dr.  Alexander’s  opinion  is  ren¬ 
dered  fo  plaufiblc  by  his  experiments,  that  it  is 
very  pofiible  that  many  perfons  may  be  render¬ 
ed  fecure,  and  thoughtlcfs  of  danger,  in  a  fi-  • 
tuation  in  W'hich  they  mud  necelfarily  breathe 
it.  On  this  account,  I  have  thought  it  rig-ht  to 
make  this  communication  as  early  as  I  conve¬ 
niently  could  ;  and  as  Dr.  Alexander  appears 
to  be  an  ingenious  and  benevolent  man,  I  doubt 
not  but  he  will  thank  me  for  it. 

7'hat  air  ifiliing  from  w^ater,  or  rather  from 
the  foft  earth,  or  mud,  at  the  bottom  of  pits 
containing  water,  is  not  always  unwholefome, 

I  have  alfo  IiAd  an  opportunity  of  afcertaining. 
Taking  a  walk,  about  two  years  ago,  in  the 
neighbourhood  of  Wakefield,  in  Yorkdiire,  I 
obferved  bubbles  of  air  to  arife,  in  remarkably 
great  plenty,  from  a  fmall  po'ol  of  w^ater,  which, 
upon  inquiry,  I  was  informed  had  been  the 
place,  w^here  fome  perfons  had  been  boring  the 

O  4  ground. 
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ground/in  order  to  find  coal.  Thefe  bubbles  of 
air  having  excited  my  curiofity,  I  prefently  re¬ 
turned^  with  a  bafon,  and  other  velTels  proper  for 
my  purpofe,  and  having  fiirred  the  mud  wdtli 
a  long  flick,  I  foon  got  about  a  pint  of  this 
air  ;  and,  examining  it,  found  it  to  be  good 
common  air;  at  lead  a  candle  burned  in  it 
very  w^elL  I  had  not  then  difcovered  the  me¬ 
thod  of  afcertaining  the,  goodncfs  of  common 
air,  by  a  mixture  of  nitrous  air.  Previous  to 
the  trial,  -I  had  fufpedlcd’that  this  air  would 
have  been  found  to  be  inflammable. 

« 

I  fhall  conclude  this  letter  with  obferving, 
that  I  have  found  a  remarkable  difference  in 
different  kinds  of  water,  with  refpecl  to  their 
effedl  on  common  air  agitated  in  them,  and 
which  1  am  not  yet  able  to  account  for.  If  I 
agitate  common  air  in  the  water  of  a  deep  well, 
near  my  houfe  in  Caine,  wdjich  is  hard,  but 
clear  and  fvveet,  a  candle  will  not  burn  in  it 
'after  three  minutes.  I'he  fame  is  the  cafq  wdth 
the  rain-water,  which  I  get  from  the  roof  of 
my  houfe.  Putin  diflilled  water,  or  the  water 
■of  a  fpringwvell  near  the  houfe,  I  mull  agitate 
tlie  air  about  twenty  minutes,  before  it  wdll  be 
fo  much  iniured.  It  may  be  w’orth  w^hilc,  to 
make  farther  experiments  with  refpecI  to  this 
property  of  water. 


In 
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In  confequence  of  iifing  the  rain-water,  and 
the  well-water  above  mentioned,  I  was  very 
near  concluding,  contrary  to  what  I  have  af- 
ferted  in  this  treatile,  that  common  air  fuf- 
fers  a  decompofition  by  great  rarefaction. 
For  when  I  had  collected  a  confiderable  quan¬ 
tity  of  air,  which  had  been  rarefied  about  four 
hundred  times,  by  an  excellent  pump  made  tor 
me  by  Mr.  Smeaton,  I  always  found,  that 
if  I  filled  my  receivers  with  the  water  above 
mentioned,  though  I  ejid  it  fo  ^gradually  as  to 
occafion  as  little  agitation  as  poflible,  a  candle 
would  not  burn  in  the  air  that  remained  in  them. 
But  when  I  ufed  diflilled  water,  or  frefii  fpring- 
water,  I  undeceived  myfelf. 

I  think  myfelf  honoured  by  the  attention, 
which,  from  the  firfh,  you  have  given  to  my 
experiments,  and  am,  with  the  greateft  refpedt> 

Dear  Sir,  »  •  , 

N 

Your  mofl  obliged 

Humble  Servant, 

London,  7  Dec.  1773. 

I  ^ 

* 

J.  PRIESTLEY.  ' 
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POSTSCRIPT. 

I  cannot  help  expreffing  my  furprlze,  that 
fo  clear  and  intelligible  an  account,  of  Mr. 
Smeaton’s  air-pump,  fliould  have  been  before 
the  public  fo  long,  as  ever  fince  the  publication 
of  the  forty-fcventh  volume  of  the  Philofophi- 
cal  Tranfadlions^  printed  in  1752,  and  yet  that 
none  of  'olir  philofophical  inflrument-makers 
Ibould  ufe  the  conftrudlion.  The  fuperiority 
of  this  pump,  to  any  that  are  made  upon  the 
common  plan,  is,  indeed,  prodigious.  Few  of 
them  will  rarefy  more  than  100  times,  and,  in 
a  general  way,  not  more  than  60  or  70  times ; 
■whereas  this  inftrnment  mud  be  in  a  poor  date 
indeed,  if  it  does  not  rarefy  200  or  300  times ; 
and  when  it  is  in  good  order,  it  will  go  as  far  as 
1000  times,  and  fometimes  even  much  farther 
than  that ;  befides,  this  inftrument  is  worked 
with  much  more  eafe,  than  a  common  air- 
pump,  and  either  exhauftsor  condenfes  at  plea- 
fure.  In  Ihort,  to  a  perfon  engaged  in  philo¬ 
fophical  purfuits,  this  inftrument  is  an  invalu¬ 
able  acquifition.  I  fhall  have  occafion  to  recite 
fomc  experiments,  which  I  could  not  have  made, 
and  which,  indeed,  I  ftiould  hardly  have  dared 
to  attempt,  if  I  had  not  been  'poflefled  of  fnch 
an  air  pump  as  this.  It  is  much  to  be  wiftied, 
that  fome  erfon  of  fpirit  in  the  trade  would  at¬ 
tempt 
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jempt  the  conflruclion  of  an  inflnimenr,  which 

would  do  great  credit  to  himfelf,  as  well  as  be 

of  eminent  fervice  to  philofophy, 

\  * 

SECTION  III. 

4  \ 

« 

Of  Nitrous  Air.  . 

I 

Since  the  publication  of  my  former  papers 
I  have  given  more  attention  to  the  fubjedt  of 
nitrous  air  than  to  any  other  fpecics  of  air  ;  and 
having  been  pretty  fortunate  in  my  inquiries, 

‘  1  fliall  be  able  to  lay  before  my  reader  a  more 
fatisfadory  account  of  the  curious  phenomena 
occafioned  by  it,  and  aifo  of  its  nature  and 
conftitution,  than  I  could  do  -beYore,  though 
much  ftill  remains  to  be  inveftigated  concerning 
it,  and  many  new  objedls^jof  inquiry  arc 
flatted.  ,  . 

With  a  view  to  difeover  where  the  power  of 
»  nitrous  air  to  diminifi  common  air  lay,  I  eva¬ 
porated  to  drynefs  a  quantity  of  the  folution  of 
'  copper  in  diluted  fpirit  of  nitre ;  and  having 
procured  from  it  a  quantity  of  a  green  preci¬ 
pitate^  I  threw  the  focus  of  a  burning-glafs 
upen  it,  when  it  was  put  into  a  veffel  of  quick- 
filver,  {landing  inverted  in  a  bafon  of  quick- 
filver.  In  this  manner  I  procured  air  from  it, 

wliich 
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which  appeared  to  be,  in  all  refpc^ls,  nitrous 
air ;  fo  that  part  of  the  fame  principle  which 
had  efcaped  during  the  folution,  in  the  form  of 
air^  had  likewife  been  retained  in  it,  and  had 
not  left  it  in  the  evaporation  of  the  water. 

^  * 

With  great  difficulty  I  alfo  procured  a  fmali 
quantity  of  the  fame  kind  of  air  from  a  folu¬ 
tion  of  iron  in  fpirit  of  nitre,  by  the  fame  pro- 
cefs. 

Having,  for  a  different  purpofe,  fired  fome 
paper,  which  had  been  dipped  in  a  folution  of 
copper  in  diluted  fpirit  of  nitre,  in  nitrous  air, , 
I  found  there  was  a  confiderable  addition  to  the  . 
quantity  of  it ;  upon  which  I  fired  fome  of  the- 
fame  kind  of'paper  in  quickfilver  and  prefently 
obferved  that  air  was  produced  from  it  in  great 
plenty.  This  air,  at  the  lirit,  feemed  to  have 
fome  fingular  properties,  but  afterwards  I  found 
that  it 'was  nothing  more  than  a  mixture  of  ni¬ 
trous  air,  from  the  precipitate  of  the  folution,  ' 
and  of  inflammable  air,  from  the  paper ;  but 
that  the  former  was  pieaominant. 

I 

In  the  mixture  of  this  kind  of  air  with  com¬ 
mon  air,  in  a  trough  of  water  which  had  been 
■putrid,  but  which  at  that  time  feemed  to  have 
recovered  its  former  fwcetnefs  (for  it  was  not  in 
the  leaf!  degree  offenfive  to  the  fmell)  a  pheno- 
,  -  '  menen 
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fnenon  fometimes  occurred,  which  for  a  lono* 

.  *  o 

time  exceedingly  delighted  and  puzzled  me  ; 

but  which  w^as  afterw^ards  the  means  of  lettinp- 

me  fee  much  farther  into  the  conftitution  of  ni- 

/  .. 

trous  air  than  I  had  been  able  to  fee  before. 

When  the  diminution  of  the  air  was  nearly 
completed,  the  veflel  in  which  the  mixture  was 
made  began  to  be  filled  with  the  moil  beautiful 
■  white  fumes^  exadlly  refembling  the  precipitation 
of  fome  w^hite  fubftance  in  a  tranfparent  men- 
flruum,  or  the  falling  of  very  fine  fnow ;  ex¬ 
cept  that  it  was  much  thicker  below  than  above, 
as  indeed  is  the  cafe  in  all  chemical  precipita¬ 
tions.  This  appearance  continued  two  dr  three 
minutes. 

At  other  times  I  went  over  the  fame  procefs, 
as  nearly  as  polTible  in  the  fame  manner,  but 
without  getting^this  remarkable  appearance,  and 
was  feveral  times  greatly  difappointed  and  cha¬ 
grined,  w^hen  I  baulked  the  expedlations  of  my 
friends,  to  wdiom  I  had  defer! bed,  and  meant  to 
have  fhewn  it.  This  made  me  give  all  the  at¬ 
tention  I  poffibly  could  to  this  experiment,  en¬ 
deavouring  to  recolledt  every  circumflance, 
which,  though  unfufpedled  at  the  time,  might 
have  contributed  to  produce  this  new  appear¬ 
ance  ;  and  I  took  a  great  deal  of  pains  to  pro¬ 
cure  a  quantity  of  this  air  from  the  paper 

•  above 
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above  mentioned  for  the  purpofc,  which,  with 
a  fmall  burning  lens,  and  an  uncertain  fun,  is 
not  a  little  troublefomc.  But  all  that  I  obfefved 
for  foilie  time  was,  that  I  iliood  the  bell  chance 
of  fucceeding  when  I  warmed  the  vellel  in  which 
the  mixture  was  made,  and  agitated  the  air  du¬ 
ring  the  effervefcence. 

Finding,  at  length,  that,  with  the  fame 
preparation  and  attentions,  I  got  the  fame  ap¬ 
pearance  from  a  mixture  of  nitrous  and  com¬ 
mon  air  in  the  fame  trough  of  water,  I  con¬ 
cluded  that  it  could  not  depend  upon  any 
thing  peculiar  to  the  precipitate  of  the  copper 
contained  in  the  paper  from  which  the  air  was 
procured,  as  I  had  atfirft  imagined,  but  upon 
what  was  common  to  it,  and  pure  nitrous 
air. 

Afterwards,  having,  (with  a  view  to  obferve 
wdiether  any  crydals  would  be  formed  by  the 
union  of  volatile  alkali,  and  nitrous  air,  fimilar 
to  tliofe  formed  by  it  and  fixed  air,  as  defcribed 
by  Mr.  Smeth  in  his  Differtation  on  fixed  Jir) 
opened  the  mouth  of  a  phial  which  was  half 
filled  -with  a  volatile  alkaline  liquor,  in  ajar  of 
nitrous  air  (in  the  manner  defcribed  p.  IK 
fig.  4.)  I  had  an  appearance  which  perfedlly 
explained  the  preceding.  All  that  part  of  tlie 
phial  which  was  above  the  liquor,  and  which 

contained 
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contained  common  air,  was  filled  with  beauti¬ 
ful  white  clouds,  as  if  fome  fine  white  powder  had 
been  inflantly  thrown  into  it,  and  fome  of  thefe 
clouds  rofe  within  the  jar  of  nitrous  air.  This 
appearance  continued  about  a  minute,  and  then 
inti  rely  difappeared,  the  air  becoming  tranfpa- 
rent. 

Withdrawing  the  phial,  and  expofing  it  to 
the  common  air,  it  there  alfo  became  turbid, 
and  foon  after  the  tranfparcncy  returned.  In¬ 
troducing  it  again  into  the  nitrous  air,  the 
clouds  appeared  as  before.  In  this  manner  the 
white  fumes,  and  tranfparency,  fucceeded  each 
other  alternately,  as  often  as  I  chofe  to  repeat 
the  experiment,  and  would  no  doubt  have  con¬ 
tinued  till  the  air  in  the  jar  had  been  thoroughly 
diluted  with  common  air.  Thefe  appearances 
were  the  fame  with  any  fubftance  that  contained 
volatile  alkali^  fluid  or  folid. 

When,  inftead  of  the  fmall  phial,  I  ufed  a 
large  and  tall  glafs  jar,  this  appearance  was 
truly  fine  and  flriking,  efpecially  when  the  wa¬ 
ter  in  the  trough  was  very  tranfparent.  For  I 
had  only  to  put  the  fmallcft  drop  of  a  volatile 
alkaline  liquor,  or  the  fmallefl  bit  of  the  folid 
fait,  into .  the  jar,  and  the  moment  that  the 
mouth  of  it  was  opened  in  a  jar  of  nitrous 
air,  the  white  clouds  above  mentioned  began  to 

be 
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be  formed  at  the  mouth,  and  prefently  de- 
fcended  to  the  bottom,  fo  as  to  fill  the  whole, 
were  it  ever  fo  large,  as  with  fine  fnovv. 

In  confidering  this  experiment,  I  foon  per¬ 
ceived  that  this  curious  appearance  muft  have 
been  occafioned  by  the  mixture  of  the  nitrous 
and  common  air,  and  therefore- that  the  white 
clouds  muft  be  nitrous  ammoniac^  formed  by  the 
acid  of  the  nltrotis  air,  fet  loofe  in  the  decom- 
pofition  of  it  by  common  air,  while  the  phlo- 
gifton,  which  muft  be  another  conftituent  part 
of  nitrous  air,  entering  the  common  air,  is  the 
caufe  of  the  diminution  it  buffers  in  this.procefs  *, 
as  it  is  the  caufe  of  a  fimilar  diminution,  in  a 
variety  of  other  proceftes. 

I  would  obferve,  that  it  is  not  peculiar  to  ni- 
tro^us  air  to  be  a  teft  of  the  fitnefs  of  air  for  fe- 
fpiration.  Any  other  procefs  by  ’  which  air  is 
diminiftied  and  made  noxious  anfwers  the  fame 
purpofe.  Liver  of  fulphur  for  inftance,  the 
calcination  of  metals,  or  a  mixture"  of  iron 
filings  and  brimftone  will  do  juft  the  fame 
thing  ;  but  the  application  of  them  is  not  fo 
eafy,'  or  elegant,  and  the  effedt  is  not  fo  foon 
perceived.  In  fadt,  it  ds  phlogijlon  that  is  the 
teft.  If  the  air  be  fo  loaded  with  this  principle 
that  it  can  take  no  more,  which  is  feen  by  its 
not  being  diminilbed  in  any  of  the  proceffes 

above 
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above  mentioned,  it  is  noxious ;  and  It  is  whole- 
fome  in  proportion  to  the  quantity  of  phlogifton 
that  it  is  able  to  take. 

This,  I  have  no  doubt,'  is  the  true  theory  of 
tlie  diminution  of  common  air  by  nitrous  airj 
the  rednefs  of  the  appearance  being  nothing 
more  than  .the  ufual  colour  of  the  fumes  of 
fpirit  of  nitre,  which  is  now  difengagcd  from 
the  fuperabundant  phlogifton  with  which  it 
was  combined  in  the  nitrous  air,  and  ready  to 
form  another  union  with  any  thing  that  is  at 
hand,  and  capable  of  it.- 

With  the  volatile  alkali  it  forms  nitrous  am- 

moniaci-  water  imbibes  it  like  any  ocher  acid,- 

even  quickfilver  is  corroded  by  it ;  but  this 

adfion  being  flow,  the  rednefs  in  this  mixture  of 

nitrous  and  corrimon  air  continues  much  longer 

when  the  procefs  is  made  in  quickfilver,  than 

when  it  is  made  in  water,  and  the  diminution,  as 

I  have  alfo  obferved,  is  by  no  means  fo  great. 

\  - 

I  was  confirmed  in^  this  opinion  when  I  put 
a  bit  of  volatile  alkaline  fait  into  the  jar  of 
quickfilver  in  which  I  made  the  mixture  of 
nitrous  and  common  air.  In  thefe  circum- 
-llances,  the  vefifel  being  previoufly  filled  with 
the  alkaline  fumes,  the  acid  immediately  joined 
them,  formed  the  white  clouds  above  mention- 
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ed,  and  the.diminiition  proceeded  almofl  as  far 
as  when  the  procefs  was  made  in  water.  That 
it  did  not  proceed  quite  far,  I  attribute 
chiefly  to  the  fmall  quantity  of  calx  formed  by 
the  flight  folution  of  mercury  with  the  acid 
fumes  not  being  able  to  abforb  all  the  fixed  air 
that  is  precipitated  from  the, common  air  by  the 
phlogifton. 

In  part,  alfo,  it  may  be  owing  to  the  fmall 
quantity ‘of  furface  in  the  quickfilver  in  the 
veffels  that  I  made  ufe  of ;  in  confequence  of 
which  the  acid  fumes  could  a^l  upon  it  only  in 
a  flow  fucceffion,  fo  that  part  of  them,  as 
well  as  of  the  fixed  air,  had  an  opportu- 
'  nity  of  forming  another  union  with  the  dimi- 
nilhed  air. 

This,  as  I  have  obferved  before,  was  fo  much 
the  cafe  when  the  procefs  was  made  in  quick- 
filver,  without  any  volatile  alkali,  that  when 
water  was  admitted  to  it,  after  fome  time,  it 
was  not  capable  of  diflblving  that  union,  tho* 
it  would  not  have  taken  place  if  the  procefs  had 
been  in  water  from  the  firfl:. 

In  diverfifying  this  experiment,  I  found  that 
it  appeared  to  very  great  advantage  when  I 
fufpended  a  piece  of  volatile  fait  in  the  com¬ 
mon  air,  previous  to  the  admiflion  of  nitrous 
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tiiT  to  it,  inclofing  it  in  a  bit  of  gauze,  miillin; 
or  a  fmall  net  of  wire.  For,  prefently  after 
the  rednefs  of  the  mixture  begins  to  go  off,  the 
white  cloud,  likefnow,  begins  todefeend  from 
the  fait,  as  if  a  white  powder  was  fhaken  out 
of  the  bag  that  contains  it.  This  white 
cloud  prefently  fills  the  whole  veffel,  and  the 
appearance  will  laft  about  five  minutes.' 

If  the  fait  be  not  put  to  the  mixture  of  thefe 
two  kinds  of  air  till  it  has  perfedlly  recovered 
its  tranfparency,  the  effervefcence  being  epm- 
pletely  over,  no  white  cloud  will  be  formed  5 
and,  what  is  rather  more  remarkable,  there  is 
nothing  of  this  appearanqe  when  the  fait  is  put 
into  the  nitrous  air  itfelf.  The  reafoH  of  this 
mu  ft  be,  that  the  acid  of  the  nitrous  ait  has  a 
fiearer  affinity  with  its  phlogifton  than  with  the 
volatile  alkali ;  though,  the  phlogifton  having 
a  nearer  affinity  with  fomething  in  the  common* 
air,  the  acid  being  thereby  fet  loofe,  will  unite 
with  the  alkaline  vapour,  if  it  be  at  hand  to 
unite  with  it. 

O 

There  is  alfo  very  little  of  any  white  cloud 
formed  upon  holding  a  piece  of  the  volatile 
fait  within  the  mouth  of  a  phial  containing 
fmoking  fpirit  of  nitre.  Alfo  when  I  threw 
the  focus  of  a  burning  mirror  upon  fome  fal- 
ammoniac  in  nitrous  air,  and  filled  the  whole 
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veflel  with  white  fumes  which  arofe  from  it, 
they  were  foon  difperfed,  and  the  air  was  nei¬ 
ther  diminifhed  nor  altered. 

I 

I  was  now  fully  convinced,  that  the  white 
cloud  which  I  cafually  obferved,  in  the  firft 
of  thefe  experiments,  was  occafioned  by  the 
volatile  alkali  emitted  from  the  water,  which 
was  in  a  flight  degree  putrid ;  and  that  the 
warming,  and  agitation  of  the  veflel s,  had 
promoted  the  emifllon  of  the  putrid,  or  alka¬ 
line  jeffluvium. 

I  could  not  perceive  that  the  diminution  of 
common  air  by  the  mixture  of  nitrous  air  was 
fenfibly  increafed  by  the  prefence  of  the  volatile 
alkali.  It  is  poflible,  however,  that,  by  aflift- 
ing  the  water  to  take  up  the  acid,  fomething  lefs 
of  it  may  be  incorporated  with  the  remaining 
diminifhed  air  than  would  otherwife  have  been  ; 
but  I  did  not  give  much  attention  to  this  cir- 
cumflance. 

O 

When  the  phial  in  which  I  put  the  alkaline 
falts  contained  any  kind  of  noxious  air,  the 
opening  of  it  in  nitrous  air  was  not  followed  by 
any  thing  of  the  appearance  above  mentioned. 
This  was  the  cafe  with  inflammable  air.  But 
when,  after  agitating  the  inflammable  air  in 
water,  I  had  brought  it  to  a  flatc  in  which  it 

was 


Nitrous  Air^ 


213 


was  dlmlnlilied  a  little  by  the  mixture  of  nitrous 
air,  the  cloudy  appearance  was  in  the  fame  pro¬ 
portion  ;  fo  that  this  appearance  feems  to  be 
equally  a  teft  of  the  fitnefs  of  air  for  refpira- 
tion,  with  the  rednefs  which  attends  the  mixture 
of  it  with  nitrous  air  only. 

Having  generally  faftened  the  fmall  bag  which 
contained  the  volatile  fait  to  a  piece  of  brafs 
wire  in  the  preceding  experiment,  I  commonly 
found  the  end  of  it  corroded,  and  covered  with 
a  blue  fubftance.  Alfo  the  fait  itfelf,  and  fome- 
times  the  bag  was  died  blue.  But  finding  that 
this  was  not  the  cafe  when  I  ufed  an  iron  wire 
in  the  fame  circumftances,  but  that  it  became 
red^  I  was  fatisfied  that  both  the  metals  had 
been  dufolved  by  the  volatile  alkali.  At  firft 
I  had  a  fufpicion  that  the  blue  might  have 
come  from  the  copper,  out  of  which  the  nitrous 
air  had  been  made.  But  w^hen  the  nitrous  air 
was  made  from  iron,  the  appearances  were,  in 
all  refpefts,  the  fame. 

I  have  obferved,  in  the  preceding  fedlion, 
that  if  nitrous  air  be  mixed  with  common  air 
in  lime-water^  the  furface  of  the  water,  where 
it  is  contiguous  to  that  mixture,  will  be  covered 
with  an  incruftation  of  lime,  (hewing  that  fome 
fixed  air  had  been  depofited  in  the  procefs.  It 
is  remarkable,  however,  as  I  there  alfo  jull 
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mentioned,  that  this  is  the  cafe  when  nitrous 
air  alone  is  put  to  a  veffel  of  lime-water,  after 
it  has  been  kept  in  a  Madder^  or  only  transferred 
from  one  veflel  to  another  by  a  bladder,  in  the 
manner  deferibed,  p.  15.  fig.  9. 

As  I  had  ufed  the  fame  bladder  for  transfer¬ 
ring  various  kinds  of  air,  and  among  the  reft 
fixed  alr^  I  firft  imagined  that  this  effedt  might 
have  been  occafioned  by  a  mixture  of  this  fixed 
air  with  the  nitrous  air,  and  therefore  took  ^ 
frefti  bladder  *,  but  ftill  the  effedt:  was  the  fame. 
To  fatisfy  myfelf  farther,  that  the  bladder  had 
produced  this  effedl,  I  put  one  into  a  jar  of 
nitrous  air,  and  after  it  had  continued  there  a 
day  and  a  night,*  I  found  that  the  nitrous  air  in 
this  jar,  though  it  was  transferred  in  a  glafs 
vclfel,  made  lime-water  turbid. 

Whether  there  was  any  thing  in  the  prepara¬ 
tion  of  thefe  bladders  that  occafioned  their  pro¬ 
ducing  this  effedt,  I  cannot  tell.  They  were 
fuch  as  I  procure  from  the  apothecaries.  The 
thino:  feems  to  deferve  farther  examination,  as 

^  o  ' 

there  feems,  in  this  cafe,  to  be  the  peculiar  effedl 
of  fixed  air  from  other  capfes,  or  elfe  a  pro^ 
dudtion  of  fixed  air  from  materials  that  have 
not  been  fuppofed  to  yield  it,  at  leaft  not  in 
circumftances  fimilar  to  thefe. 

As 
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»  \ 

As  fixed  air  united  to  water  difTolvcs  iron, 

I  had  the  curiofity  to  try  whether  fixed  air  alone 
would  do  it  ;  and  as  nitrous  air  is  of  an  acid 
nature,  as  well  as  fixed  air,  I,  at  the  fame  time,- 
expofed  a  large  furface  of  iron  to  both  the 
kinds  ;  firfi:  filling  two  eight  ounce  phials  with 
nails,  and  then  with  quickfilver,  and  after  that 
difplacing  the  quickfilver  in  one  of  the  phials 
by  fixed  air,  and  in  the  other  by  nitrous  air ; 
then  inverting  them,  and  leaving  them  with 
their  mouths  immerfed  in  bafons  of  quickfilver. 

In  thefe  circumftances  the  two  phials  flood 
about  two  months,  when  no  fenfible  change  at 
all  was  produced  in  the  fixed  air,  or  in  the  iron 
which  had  been  expofed  to  it,  but  a  moll  re- 
markable,  and  moil  unexpedled  change  was 
made  in  the  nitrous  air ;  and  in  purfuing  the 
experiment,  it  was  transformed  into  a  fp^cies  of 
air,  with  properties  which,  at  the  time  of  my 
firil  publication  on  this  fubjedl,  I  fhould  not 
have  hefitated  to  pronounce  impoffible,  viz,  air 
in  which  a  candle  burns  quite  naturally  and 
freely,  and  which  is  yet  in  the  highefl  degree 
noxious  to  animals,  infomuch  that  they  die  the 
moment  they  are  put  into  it ;  whereas,  in  ge¬ 
neral,  animals  live  with  little  fenfible  inconve¬ 
nience  in  air  in  which  candles  have  burned  out. 
Such,  however,  is  nitrous  air,  after  it  has  been 
long  expofed  to  a  large  furface  of  iron. 
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It  is  not  lefs  extraordinary,  that  a  ftill  longer 
continuance  of  nitrous  air  in  thefe  circumflances 
(but  how  long  depends  upon  too  many,  and  too 
minute  circum (lances  to  be  afcertained  with 
exadtnefs)  makes  it  not  only  to  admit  a  candle 
to  burn  in  it,  but  enables  it  to  burn  with  an 
enlarged flame^  by  another  flame  (extending  every 
where  to  an  equal  diflance  from  that  of  the 
candle,  and  often  plainly  diilinguifhable  from 
it)  adhering  to  it.  Sometimes  I  have  perceived 
the  flame  of  the  candle,  in  thefe  circumflances, 
to  be  twice  as  large  as  it  is  naturally,  and  fome- 
times  not  lefs  than  five  or  flx  times  larger  •,  and 
.  yet  without  any  thing  like  an  explofion,  as  in  the 
firing  of  the  weakefl  inflammable  air. 

Nor  is  the  farther  progrefs  in  the  tranfmii ra¬ 
tion  of  nitrous  air,  in  thefe  circumflances,  lefs 
remarkable.  For  when  it  has  been  brought  to 
the  flate  lafl  mentioned,  the  agitation  of  it  in 
frefli  water  almoft  inflantly  takes  off  that  pecu¬ 
liar  kind  of  inflammability,  fo  that  it  extin- 
guiflies  a  candle,  retaining  its  noxious  quality. 
It  alfo  retains  its  power  of  diminifliing  common 
air  in  a  yery  great  degree. 

But  this  noxious  quality,  like  the  noxious 
quality  of  all  other  kinds  of  air  that  will  bear 
agitation  in  water,  is  taken  out  of  it  by  this 
operation,  continued  about  five  minutes  ;  in 
’  which 
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which  procefs  it  fufFers  a  farther  and  very  con- 
fiderable  diminution.  It  is  then  .itfelf'  dimi- 
nifhed  by  frefli  nitrous  air,  and  animals  live  in 
it  very  well,  about  as  well  as  in  air  in  which 
candles  have  burned  out. 

» 

-  /' 

Laftly,  One  quantity  of  nitrous  air,  which 
had  been  expofed  to  iron  in  quickfilvcr,  from 
December  18  to  January  20,  and  which  hap¬ 
pened  to  Hand  in  water  till  January  3 1  (the  iron 
ftill  continuing  in  the  phial)  was  fired  with  an 
explofion,  exadlly  like  a  weak  inflammable  air. 
At  the  fame  time  another  quantity  of  nitrous 
air,  which  had  likewife  been  expofed  to  iron, 
{landing  in  quickfilver,  till  about  the  fame  time, 
and  had  then  flood  in  water  only,  without  iron, 
only  admitted  a  candle  to  burn  in  it  with  an 
enlarged  flame,  as  in  the  cafes  above  mentioned. 
But  whether  the  difference  I  have  mentioned  in 
the  circumffances  of  thefe  experiments  contri¬ 
buted  to  this  difference  in  the  refult,  I  cannot 
tell. 

Nitrous  air  treated  in  the  manner  above  men¬ 
tioned  is  diminiffied  about  one  fourth  by  ffand- 
ing  in  quickfilver ;  and  water  admitted  to  it  will 
abforb  about  half  the  remainder  ;  but  if  water 
only,  and  no  quickfilver,  be  ufed  from  the  be¬ 
ginning,  the  nitrous  air  will  be  diminifhed  much 
fafler  and  farther  ;  fo  that  not  more  than  one 

I 
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fourth,  one  fixth,  or  one  tenth  of  the  orisinal 
quantity  will  remain.  But  I  do  not  know  that 
there  is  any  difference  in  the  conftitution  of  the 
air  which  remains  in  thefe  two  cafes. 

The  water  which  has  imbibed  this  nitrous  air 
expofed  to  iron  is  remarkably  green>  alfo  the 
phial  containing  it  becomes  deeply,  and,  I  be¬ 
lieve,  indelibly  tinged  with  green ;  and  if  the 
water  be  put  into  another  veflel,  it  prefently 
depofits  a  confiderable  quantity  of  matter,  which 
when  dry  appears  to  be  the  earth  or  ochre  of 
iron  *5  from  which  it  is  evident,  that  the  acid  of 
the  nitrous  air  dilfolves  the  iron ;  while  the  phlo- 
giilon,  being  fee  ioofe,  diminifhes  nitrous  air, 
as  in  the  procefs  of  the  iron  filings  and  brim- 
flone. 

.  Upon  this  hint,  inftead  of  ufing  iron,  I  in¬ 
troduced  a  pot  of  liver  of  fulphur  into  a  jar  of 
nitrous  air,  and  prefently  found,  that  what  I 
had  before  done  by  means  of  iron  in  fix  weeks, 
or  two  months,  I  could  do  by  liver  of  fulphur 
(in  confequence,  no  doubt,  of  its  giving  its 
-phlogiifon  more  freely)  in  lefs  than  twenty-four 
(hours,  efpecially  when  the  procefs  was  kept 
•warm. 

It- is  remarkable,  however,  that  if  the  procefs 
with  liver  of  fulphur  be  fuifered  to  proceed, 
.  '  .  the 
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the  nitrous  air  ivill  be  diminilhed  much  farther. 
At  one  time  not  more  than  one  twentieth  of.  the 
original  quantity  remained,  and  how  much  far¬ 
ther  it  might  have  been  diminilhed,  I  cannot 
tell.  In  this  great  diminution,  it  does  not  ad¬ 
mit  a  candle  to  burn  in  it  at  all  ;  and  I  generally 
found  this  to  be  the  cafe  whenever  the  dimi¬ 
nution  had  proceeded  beyond  three  fourths  of 
the  original  quantity 

It  is  fomething  remarkable,  that  though  the 
diminution  of  nitrous  air  by  iron  flings  and 
brimilone  very  much  refembles  the  diminution 
of  it  by  iron  only,  or  by  liver  of  fulphur,  yet 
the  iron, filings  and  brimflone  never  bring  it  to 
fuch  a  ftate  as  that  a  candle  will  burn  in  it ; 
and  alfo  that,  after  this  procefs,  it  is  never 
capable  of  diminifliing  common  air.  But  vvhen 
it  is  confidered  that  thefe  properties  are  de- 
llroyed  by  agitation  in  water,  this  difference  in 
the  refult  of  proceffes,  in  other  refpedls  fimilar, 
will  appear  lefs  extraordinary  ;  and  they  agree 
in  this,  that  long  agitation  in  water  makes  both 
thefe  kinds  of  nitrous  air  equally  fit  for  refpi- 
ration,  being  equally  diminilhed  by  freJh  nitrous 
air.  It  is  pofiible  that  there  would  have  been 

*  Xlic  refult  of  feveral  of  thefe  experiments  I  had  the 
,pleafure  of  trying  in  the  prefence  of  the  celebrated  Mr, 
De  Luc  of  Geneva,  when  he  was  upon  a  vifit  to  Lord 
Shelburne  in  Wiltfhire. 
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a‘more  exa6t  agreement  in  the  refult  of  thefe 
procefies,  if  they  had  been  made  in  equal  de¬ 
grees  of  heat ;  but  the  procefs  with  iron  was 
made  in  the  ufuah  temperature  of  the  atmo- 
fphere,  and  that  with  liver  of  fulphur  generally 
near  a  fire. 

It  may  clearly,  I  think,  be  inferred  from  thefe 
experiments,  that  all  the  difference  between 
frefh  nitrous  air,  that  flate  of  it  in  which  it  is 
partially  inflammable,  or  wholly  fo,  that  in 
which  it  again  extinguiflies  candles,  and  that  in 
which  it  finally  becomes  fit  for  refpiration,  de¬ 
pends  upon  fome  difference  in  the  mode  of  the 
comhinatwn  of  its  acid  with  phlogiflon,  or  on 
the  proportion  between  thefe  two  ingredients  in 
its  compofition ;  and  it  is  not  improbable  but 
that,  by  a  little  more  attention  to  thefe  experi¬ 
ments,  the  whole  myflery  of  this  proportion 
and  combination  may  be  explained. 

I  muff:  not  omit  to  obferve  that  there  was 
fomething  peculiar  in  the  refult  of  the  firfl  ex- 
periment'which  I  made  with  nitrous  air  expo- 
fed  to  iron  ;  which  was  that,  without  any  agi¬ 
tation  in  water,  it  was  diminifhed  by  frefh  ni¬ 
trous  air,  and  that  a  candle  burned  in  it  quite 
naturally.  To  what  this’  difference  was  owing 
1  cannot  tell.  This  air,  indeed,  had  been  ex- 
pofed  to  the  iron  a  week  or  two  longer  than  in 
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any  of  the  other  cafes,  but  I  do  not  Imagine 
that  this  circumflance  could  have  produced 
that  difference.  '  • 

,♦ 

When  the  prdcefs  is  in  water  with  iron,  the 
time  in  which  the  diminution  is  accomplifhed  is  ' 
exceedingly  various ;  being  fometimes  com¬ 
pleted  in  a  few  days,  whereas  at  other  times 
it  has  required  a  week  or  a  fortnight.  Some- 
kinds  of  iron  alfo  produced  this  effect  much 
fooner  than  others,  but  on  what  circumftances 
this  difference  depends  I  do  not  know.  What 
are  the  varieties  in  the  refill t  of  this  experi¬ 
ment  when  it  is  made  in  quickfilver  I  cannot 
tell,  becaufe,  on  account  of  its  requiring  more . 
time,  I  have  not  repeated  it  fo  often ;  but  I 
once  found  that  nitrous  air  was  not  fenfibly 
changed  by  having  been  expofed  to  iron  in 
quickfilver  nine  days ;  whereas  in  water  a  very 
confiderable  alteration  was  always  made  in  much 
lefs  than  half  that  time. 

0 

/ 

It  may  julldeferve  to  be  mentioned,' that  ni¬ 
trous  air  extremely  rarified  in  an  air-pump  dil- 
folves  iron,  and  is  diminifhed  by  it  as  much 
'  as  when  it  is  in  its  native  ftate  of  condenfation. 

N 

It  is  fomething  remarkable,  though  I  never 
attended  to  it  particularly  before  I  made  thefe 
lad  experiments,  and  it  may  tend  to  .throw  fome 

light 
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light  upon  them,  that  when  a  candle  is  extin- 
guiflied,  as  it  never  fails  to  be,  in  nitrous  air,- 
the  dame  feems  to  be  a  little  enlarged  at  its 
edges,  by  another  blulfli  flame  added  to  it,  jufl: 
before  its  extindlion. 

It  is  proper  to  obferve  in  this  place,  that  the 
eledtric  fpark  taken  in  nitrous  air  diminifhes  it 
to  one  fourth  of  its  original  quantity,  which 
is  about  the  quantity  of  its  diminution  by  iron 
filings  and  brimflone,  and  alfo  by  liver  of  ful- 
phur  without  heat.  The  air  is  alfo  brought 
by  elcdiricity  to  the  fame  date  as  it  is  by  iron- 
filings  and  brimflone,  not  diminifliing  common 
air..  If  the  electric  fpark  be  taken  in  it  when 
it  is  confined  by  water  tinged  with  archil,  it  is 
prefently  changed  from  blue  to  red,  and  that  to 
a  very  great  degree. 

\ 

When  the  iron  nails  or  wires,  which  I  have 
ufed  to  diminifh  nitrous  air,  had  done  their  of¬ 
fice,  I  laft.  them  afide,  not  fufpedling  that  they 
could  be  of  any  other  philofophical  ufe  ;  but 
after  having  lain  expofed  to  the  open  air  al- 
moft  a  fortnight ;  having,  for  fome  other  pur- 
pofe,  put  fome  ‘  of  them  into  a  veffel  contain¬ 
ing  common  air,  {landing  inverted,  and  im- 
'  merfed  in  water,  I  was  furprized  to  obferve 
that  the  air  in  which  they  were  confined  was 
diminifhed.  The  diminution  proceeded  fa  fail, 

that 
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that  the  procefs  was  completed  in  about  twen¬ 
ty-four  hours  ;  for  in  that  time  the  air  was  di- 
minifhed  about  one  fifth,  fo  that  it  made  no 
effcrvefcence  with  nitrous  air,  and  was,  there¬ 
fore,  no  doubt,  highly  noxious,  like  air  dimi- 
nifhed  by  any  other  procefs. 

/ 

This  experiment  I  have  repeated'  a  great  - 
number  of  times,  with  the  fame  phials,  filled 
'  with  nails  or  wires  that  have  ,been  fuffered  to 
rufl  in  nitrous  air,  but  their  power  of  diminifh- 
ing  common  air  grows  lefs  and  lefs  continually. 
How  long  it  will  be  before  it  is  quite  exhaufted 
I  cannot  tell.  This  diminution  of  air  I  con¬ 
clude  mufl:  arife  from  the  phlogiflon,  either  of 
the  nitrous  air  or  the  iron,  being  fome  way  en¬ 
tangled  in  the  rufl,  in  which  the  wires  were  en- 
crufted,  and  afterwards  getting  loofe  from  iL 

To  the  experiments  upon  iron  filings  and 
brimftone  in  nitrous  air,  I  mufl  add,  that  when 
a  pot  full  of  this  mixture  had  abforbed  as  much 
as  it  could  of  a  jar  of  nitrous  air  (which  is  about 
three  fourths  of  the  whole)  I  put  frefh  hitrous 
air  to  it,  and  it  continued  to  abforb,  till  three 
or  four  jars  full  of  it  difappeared  ;  but  the  ab- 
forption  was  exceedingly  flow  at  the  laft.  Alfo 
when  I  drew  this  pot  through  the  water,  and 
admitted  frefli  nitrous  air  to  it,  it  abforbed  an¬ 
other 
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other  jar  full,  and  then  ceafed.  But  when  I 
fcraped  off  the  outer  furface  of  this  mixture, 
which  had  been  fo  long  expofed  to  the  nitrous 
air,  the  remainder  abforbed  more  of  the  air. 

When  I  took  the  top  of  the  mixture  which  I 
had  fcraped  off  and  threw  upon  it  the  focus  of 
a  burning-glafs,  the  air  in  which  it  was  con¬ 
fined  was  diminifhed,  and  became  quite  noxi¬ 
ous  ;  yet  when  I  endeavoured  to  get  air  from 
this  matter  in  a  jar  full  of  quickfilver,  I  was 
able  to  procure  little  or  nothing. 

It  is  not  a  little  remarkable  that  nitrous  air 
diminifhed  by  iron  filings  and  brimflone,  which 
is  about  one  fourth,  cannot,  by  agitation  in 
water,  be  diminifiied  much  farther  j  whereas 
pure  nitrous  air  may,  by  the  fame  proccfs,  be 
diminifhed  to  one  twentieth  of  its  whole  bulk, 
and  perhaps  much  more.,  This  is  fimilar  to 
the  efFcdl  of  the  fame  mixture,  and  of  phlo^ 
gifton  in  other  cafes,  on  fixed  air  *,  for  it  fo  far 
changes  its  conftitutlon,  that  it  is  afterwards 
incapable  of  mixing  with  water.  It  is  fimilar 
alfo  to  the  eifed  of  phlogifton  in  acid  air, 
which  of  itfelf  is  airnofl  ihflantly  abforbed  by 
water  •,  but  by  this  addition  it  is  firft  converted 
into  inflammable  air,  vdiich  does  not  readily 
mix  with  water,  and  which,  by  long,  agita¬ 
tion- 
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tiori  iii  water,  becomes  of  another  conltkudoni 
ftill  lefs  mifcible  with  water. 

I  lhall  clofe  this  fediori  with  a  few  other 
bbfervations  of  a  mifcellaneous  nature* 

Nitrous  air  is  as  much  diminifhed  both  by 
iron  filings,  and  alfo  by  liver  of  fulphur^ 
when  confined  in  quickfilverj  as  when  it  is  ex- 
pofed  to  water.  ^ 

Diflilled  water  tinged  blue  with  the  juice  of 
turnfole  becomes  red  on  bc'ing  impregnated 
with  nitrous  air  ;  but  by  being  expofed  a  week 
or  a  fortnight  to  the  common  atmofphere,  iii 
Open  and  fhallow  veffels,  it  recovers  its  blue 
colour ;  though,  in  that  time,  the  greater  part 
of  the  water  will  be  evaporated.  This  fhews 
that  in  time  nitrous  air.efcapes  from  the  wa¬ 
ter  with  which  it  is  combined,  juft  as  fixed  air 
does,  though  by  no  means  fo  readily 

Having  diffolved  filver,’  copper,'  and  iron  in 
equal  quantities  of  fpirit  of  nitre  diluted  with 
Water,  the  quantities  of  nitrous  air  produced 
from  them  were  in  the  following  proportion  ; 
from  iron  8,  from  copper  6^,  from  filver  6.  lu 

^Ihavenot  repeated  this  experiment  with  that  variation 
of  circumltances  which  an  attention  to  Mr.BewIey’s  obfer- 
vation  will  Tuggclf. 

Q. 


about. 
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about  the  fame  prop'ortion  alfo  it  was  necef» 
fary  to  mix  water  with  the  fpirit  of  nitre  in 
each  cafe,  in  order  to  make  it  diffolve  thefe 
metals, with  equal  rapidity,  hlver  requiring  the 
leaft  water,  and  iron  the  moft. 

t 

Phofphorus  gave  no  light  in  nitrons  air, 
and  did  not  take  away  from  its  power  ot  di- 
minifhing  common  air  ;  only  w'hen  the  rednefs 
of  the  mixture  went  off,  the  velTel  in  which 
it  was  made  was  filled  with  white  fumes,  as 
if  there  had  been  fome  volatile  alkali  in  it. 
The  phofphorus  itfelf  was  unchanged. 

There  is  fomethins;  remarkable  in  the  effedt 
of  nitrous  air  on  infers  that  are  put  into  it. 
I  obferved  bpfore  that  this  kind  of  air  is  as 
noxious  as  any  whatever,  a  moufe  dying  the 
moment  it  is  put  into  it ;  but  frogs  and  fnails 
(and  therefore,  probably,  other  animals  w^hofe 
refpiratlon  is  not  frequent)  will  bear  being  ex- 
pofed  to  it  a  confiderable  time,  though  they 
die  at  length.  A  frog  put  into  nitrous  air 
ftruggled  much  for  two  or  three  minutes, 
and  moved  now  and  -then  for  a  quarter  of  an 
hour,  after  which  it  was  taken  out,  but  did  not 
recover.  Wafps  ahvays  died  the  moment  they 
were  put  into  the  nitrous  air.  f  could  never 
obferve  that  they  made  the  lead  motion  in  it, 
nor  could  they  be  recovered  to  life  afterwards. 

This- 
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This  was  alfo  the  cafe  in  general  with  fplders^ 
JlieSf  and  hutterjlies.  Sometimes,  however,  fpi- 
ders  would  recover  after  being  expofed  about 
a  minute  to  this  kind  of  air.- 

♦ 

Confidering  how  fatal  nitrous  air  is  to  in- 
fe6ls,  and  like  wife  its  great  antifeptic  power, 
I  conceived  that  confiderable  ufe  might  be 
made  of  it  in  medicine,  efpecially  in  the  form 
of  clyjlersy  in  which  fixed  air  had  been  applied 
with  fome  fuccefs ;  and  in  order  to  try  whether 
the  bowels  of  an  animal  would  bear  the  injec¬ 
tion  of  it,  I  contrived,-  with  the  help  of  Mr. 
Hey,  to  convey  a  quantity  of  it  up  the  anus 
of  a  dog.  But  he  gave  manifeft  ligns  of  uh- 
eafmefs,  as  long  as  he  retained  it,  which  was  a 
confiderable  time,  though  in  a  fevv  hours  after- 
w^ards  he  was  as  lively  as  ever,  and  feemed  to’ 
have  fuffered  nothing  from  the  operation. 

Perhaps  if  nitrous  air  was  diluted  either 
with  common  air,  or  fixed  air,  the  bowels' 
might  bear  it  better,  and  ftill  it  might  be  de- 
flrudtive  to  worms  of  all  kinds,^  and  be  of  ufe 
to  check  or  correft  putrefad:ion  in  the  inteHi- 
hal  canal,  or  other  parts  of  the  fyflem.  I  re¬ 
peat  it  once  more  that,  being  no  phyfician,  I 
run  no  rifk  by  fuch  propofals  as  thefe  ;  and  I 
cannot  help  flattering  myfelf  that,  in  time,  very 
great  medicinal  ufe  will  be  made  of  the  appli- 

O  2  cati 
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cation  of  thefe  different  kinds  of  air  to  the 
animal  fyllem.  Let  ingenious  "phyficians  at¬ 
tend  to  this  fubjedl',  and  endeavour  to  lay  hold 
of  the  new  handle  which  is  now  prefented  them, 
before  it  be  feized  by  rafh  empiricks  ;  who,  by 
an  indifcriminate  and  injudicious  application, 
often  ruin  the  credit  of  things  and  proceffes 
which  might  otherwife  make  an  ufeful  addition 
to  the  materia  and  ars  medical 

In  the  firft  publication  of  my  papers,  having 
experienced  the  remarkable  antifeptic  power  of 
nitrous  air,  I  propofed  an  attempt  to  preferve 
anatomical  preparations,  &:c.  by  means  of  it ; 
but  Mr.  Hey,  who  made  the  trials  found  that, 
'  after  fome  months,  various  animal  fubftances 
were  fhriveled,  and  did  not  preferve  their  natu¬ 
ral  forms  in  this  kind  of  air. 


SEC 
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SECTION  IV. 

Of  Marine  Acid  Air. 

In^my  former  experiments  on  this  fpecies  of 
air  I  procured  it  from  fpirit  of  fait,  but  I  have 
hnce  hit  upon  a  much  lefs  expenfive  method  of 
^getting  it,  by  having  recourfe,  to  the  procefs 
by  which  the  fpirit  of  fait  is  itfelf  originally 
made.  For  this  purpofe  I  fill  a  fmall  phial 
with  common  fait,  pour  upon  it  a  fmall 

quantity  of  concentrated  oil  of  vitriol,  and  re- 

✓ 

ceive  the  fumes  emitted  by  it  in  a  vefiTel  previ- 
oufiy  filled  with  quickfilver,  and  Handing  in  a 
bafon  of  quickfilver,  in  which  it  appears  in  the 
form  of  a  perfedlly  tranfparent  air^  being  precife- 
ly  the  fame  thing  with  that  which  I  had  before 
expelled  from  the  fpirit  of  fait. 

This  method  of  procuring  acid  air  is  the 
more  convenient,  as  a  phial,  once  prepared  in 
.  this  manner,  will  fuflice,  for  common  experi¬ 
ments,  many  weeks ;  el]:)ecially  if  a  little  more 
oil  of  vitriol  be  occafionally  put  to  it.  It  only 
requires  a  little  more  heat  at  /the  laft  than  at 
the  firft.  Indeed,  at  the  firft,  the  heat  of  a 
perfon’s  hand  will  often  be  fufficient  to  make  it 

Qj  3  throw 
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throw  out  the  vapour.  In  warm  weather  it 
will  even  keep  fmoking  many  days  without 
the  application  of  any  other  heat. 

On  this  account,  it  fhould  be  placed  where 
there  ate  no  inftruments,  or  any  thing  of  metal, 
that  can  be  corroded  by  this  acid  vapour.  It 
is  from  dear-bought  experience  that  I  give^this 
advice.  It  may  eafily  be  perceived  when  this 
phial  is  throwing  out  this  acid  vapour,  as  it 
always  appears,  in  the  open  air,  in  the  form 
of  a  light  cloud ;  owing,  I  fuppofe,  to  the 
acid  attracting  to  itfelf,  and  .uniting  with,' 
the  rnoiilure  that  is  in  the  common  atmofphere. 

By  this  procefs  I  even  made  a  Wronger  fpirit 
of  fait  than  can  be  procured  in  any  other  way. 
For  having  a  little  water  in  .the  veflel  which 
contains  the  quickfilver,  it  imbibes  the  acid 
vapour,  and  at  length  becomes  truly  faturated 
with  it.  Having,  in  this  manner,  impreg¬ 
nated  pure  water  with  acid  air,  I  could  after¬ 
wards  expel  the  fame  air  from  it,  as  from  com¬ 
mon  fpirit  of  fait, 

I  obferved  before  that  this  acid  vapour,  or 
air,  has  a  ftrong  affinity  with  phlogifto7t^  fo 
that  it  decompofes  many  fubftances  which  con¬ 
tain  it,  and  with  them  forms  a  permanently  in¬ 
flammable  air,  no  more  liable  to  be  imbibed 

by 
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by  water  than  inflammable  air  procured  by 
any  other  procefs,  being  in  fad;  the  very  fame 
thing  ;  and  that,  in  fome  cafes,  it  even  dlflodges 
fpirit  of  nitre  and  oil  of  vitriol,  which  in  gene¬ 
ral  appear  to  be  flrdnger  acids  than  itfelf. 
I  have  fince  obferved  that, '  by  giving  it  more 
time,  it  will  extract  phlogifton  from  fubftances 
from  which  I  at  firfl;  concluded  that  it  was  non 
able  to  do  it,  as  from  dry  wood,  crufts  of 
bread  not  burnt,  dry  flefli,  and  what  is  more 
extraordinary  from  flints.  As  there  was  fome- 
thing  peculiar  to'  itfelf  in  the  procefs  or  refult 
of  each  of  thefe  experiments,  it  may  not  be  im¬ 
proper  to  mention  them  diftindly. 


Pieces  of  dry  cork  wood  being  put  to  the  acid 
air,  a  fmall  quantity  remained  not  imbibed  by 
water,  and  was  inflammable. 


Very  dry  pieces  of  oak^  being  expofed  to 
this  air  a  day  and  a  night,  after  imbibing  a 
conliderable  quantity  of  it,  produced  air  which 
was  inflammable  indeed,  but  in  the  flightefl  de¬ 
gree  imaginable.  It  feemed  to  be  very  nearly 
•in  the  date  of  common  air. 


A  piece  of  ivory  imbibed  the  acid  vapour 
very  flowly.  In  a  day  and  a  night,  however, 
about  half  an  ounce  meafure  of  permanent  air 
was  produced,  and  it  was  pretty  flrongly  in- 

4  flam- 


Ohfervations  on 


232 

flammable.  The  ivory  was  not  difcoloured, 
but  was  rendered  fuperficialiy  fofr,  and  clam¬ 
my,  tailing  very  acid. 

Pieces  of  heef^  roafled,  and  made  quite  dry, 
but  not  burnt,  abforbed  the  acid  vapour  flow- 
ly  ;  and  when  it  had  continued  in  this  fituation 

% 

all  night,  from  five  ounce  meafures  of  the  air, 
half  a  meafure  was  permanent,  and  pretty 
ftrongly  inflammable,  This  experiment  fuc- 
ceeded  a  fecond  time  exadlly  in  the  fame  man¬ 
ner  ;  but  when  I  ufed  pieces  of  white  dry 
chicken-fiejh  though  I  allowed  the  fame  time, 
and  in  other  refpefts  the  procefs  feemed  to 
go  on  in  the  fame  manner,  I  could  not  per¬ 
ceive  that  any  part  of  the  remaining  air  was 
inflammable. 

Some  pieces  of  a  whitifli  kind  of  be-r 

ing  put  into  a  quantity  of  acid  air,  imbibed 
'but  a  very  little  of  it  in  a  day  and  a  night ; 
but  of  21  ounce  meafures  of  it,  about  half  a 
meafure  remained  unabforbed  by  water,  and 
this  was  flrongly  inflammable,  taking  fire  juft 
like  an  equal  mixture  of  inflammable  and  com¬ 
mon  air.  At  another  time,  however,  I  could 
not  procure  any  inflammable  air  by  this  means, 
but  to  what  circumftance  thefe  different  refults 
%yere  owing  I  cannot  tell, 
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That  inflammable  air  is  produced  from  char¬ 
coal  in  acid  air  I  ob'ferved  before*  I  have  fince 
found  that  it  may  likewife  be  procured  ^xom pit 
coal^  without  being  charred. 

Inflammable  air  I  had  alfo  obferved  to  arife 
from  the  expofure  of  fpirit  of  wine,  and  various 
oily  fubflances,  to  the  vapour  of  fpirit  of  fait. 
I  have  flnee  made  others  of  a  flmilar  nature, 
and  as  peculiar  circumftances  attended  fome 
of  thefe  experiments,  I  fliall  recite  them  more 
at  large. 

EJJential  oil  of  mint  abforbed  this  air  pretty 
lafl,  and  prefently  became  of  a  deep  brown 
colour.  When  it  was  taken  out  of  this  air  it 
was  of  the  conflftence  of  treacle,  and  funk  in 
water,  fmelling  differently  from  what  it  did 
before  ;  but  ftill  the  fmell  of  the  mint  was 
predominant.  Very  little  or  none  of  the  air 
was  fixed,  fo  as  to  become  inflammable ;  but 
iiiore  time  would  probably  have  produced  this 
^ffed, 

#  * 

Oil  of  turpentine  was  alfo  much  thickened, 
and  became  of  a  deep  brown  colour,  by  being 
fatu  rated  with  acid  air. 

Ether  abforbed  acid  air  very  fail,  and  be¬ 
came  firfl:  of  a  turbid  white,  and  then  of  a  yel¬ 
low 
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low  and  brown  colour.  In  one  night  a  confider^ 
able  quantity  of  permanent  air  was  produced, 
and  it  was  ftrongly  inflammable. 

Having,  at  one  time,  fully  faturatcd  a  quan¬ 
tity  of  ether  with  acid  air,  admitted  bubbles 
of  common  air  to  it,  through  the  quickfilver, 
by  which  it  was  confined,  and  obfervcd  that 
white  fumes  were  made  in  it,  at  the  entrance  of 
every  bubble,  for  a  confiderable  time. 

•  At  another  time,  having  fully  faturated  a 
fmall  quantity  of  ether  with  acid  air,  and 
having  left  the  phial  in  which  it  was  contained 
nearly  full  of  the  air,  and  inverted,  it  was  by 
fome  accident  overturned  ;  when,  inftantly,  the 
whole  room  was  filled  with  a  vifible  fume,  like  a 
white  cloud,  which  had  very  much  the  fmell  of 
ether,  but  peculiarly  offenfive.  Opening  the 
door  and  window  of  the  room,  this  light  cloud 
filled  a  long  pafifage,  and  another  room.  In  the 
mean  time  the  ether  was  feemingly  all  va- 
nllhcd,  but  fome  time  after  the  furface  of  the 
quickfilver  in  which  the  experiment  had  been 
made  was  covered  with  a  liquor  that  tailed  very 
acid ;  arifing,  probably,  from  the  moifture  in 
the  atmofphere  attracted  by  the  acid  vapour 
with  which  the  ether  had  been  impregnated. 


This 
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This  vifible  cloud  I  attribute  to  the  union 
of  the  moifture  in  the  atmbfphere  with  the  com¬ 
pound  of  the  acid  air  and  ether.  I  haye 
fince  faturated  other  quantities  of  ether  Vt/itli 
acid  air,  and  found  it  to  be  exceedingly  volatile, 
and  inflammable.  Its  exhalation  was  alfq  vi- 
fible,  but  not  in  fo  great  a  degree  as  in  the  cafe 
above  mentioned, 

V 

% 

Camphor  was  prefcntly  reduced  into  a  fluid 
ftate  by  imbibing  acid  air,  but  there  feemed  to 
be  fomethingof  a  whitifli  fediment  in  it.  After 
continuing  two  days  in  this  fituation  I  admitted 
water  to  it ;  immediately  upon  which  the  cam¬ 
phor  refumed  its  former  folid  Hate,  and,  to  ap¬ 
pearance,  was  the  very  fame  fubflance  that  it 
had  been  before  j  but  the  tafle  of  it  was  acid, 
and  a  very  fmall  part  of  the  air  was  permanent, 
^nd  flightly  inflammable. 

The  acid  air  feemed  to  make  no  impref- 
fion  upon  a  piece  of  Derbyfliire  Jpar^  of  a  very 
dark  colour,  and  which,  therefore,  feemed  to 
contain  a  good  deal  of  phlogiilon. 

As  the  acid  air  has  fo  near  an  affinity  with 
phlogiHon,  I  expeded  that  the  fumes  of  liver  of 
fiilphur^  which  chemifls  agree  to  be  phlogiHic, 
would  have  united  with  it,  fo  as  to  form  indam- 
Eiable  air  •,  but  I  was  difappointed  in  that  ex- 

peda- 
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peclation.  This  fubflance  imbibed  half  of  the 
acid  air  to  which  it  was  introduced  :  one  fourth 
of  the  remainder,  after  {landing  one  day  in 
quickfilver,  was  imbibed  by  water,  and  what 
was  left  extinguifhed  a  candle.  This  experi¬ 
ment,  however,  feems  to  prove  that  acid  air 
and  phlogiflon  may  form  a  permanent  kind  of 
air  that  is  not  inflammable.  Perhaps  it  may  be 
air  in  fuch  a  flate  as  common  air  loaded  with  - 
phlogiflon,  and  from  which  the  fixed  air  has 
been  precipitated.  Or  rather,  it  may  be  the 
fame  thing  with  inflammable  air,  that  has  loft 
its  inflammability  by  long  Handing  in  water. 
It  well  deferves  a  farther  examination. 

The  following  experiments  are  thofe  in  which 
'  the  fironger  acids  were  made  ufe  of,  and  there¬ 
fore  they  may  afiift  us  farther  to  afeertain  their 
affinities  with  certain  fubftances,  with  refpedt  to 
this  marine  acid  in  the  form  of  air. 

I  put  a  quantity  of  ftrong  concentrated  oil  of 
vitriol  to  acid  air,  but  it  was  not  at  all  affedled 
by  it  in  a  day  and  a  night.  In  order  to  try 
whether  it  would  not  have  more  power  in  a 
more  condenfed  flate,  I  comprefTed  it  with  an 
additional  atmofphere  *,  but  upon  taking  off  this 
preffure,  the  air  expanded  again,  and  appeared 
to  be  not  at  all  diminifhed.  I  alfo  put  a  quan¬ 
tity  of  ftrong  fpirit  of  nitre  to  it  without  any 

fen- 
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fenfible  effedt.  We  may  conclude,  therefore, 
that  the  marine  acid,  in  this  form  of  air,  is  not 
able  to  diflodge  the  other  acids  from  their  union 
with  water. 

Blue  vitriol^  which  is  formed  by  the  union  of 
the  vitriolic  acid  with  copper,  turned  to  a  dark 
green  the  moment  that  it  was  put  to  the  acid 
air,  which  it  abforbed,  though  llowly.  Twa 
pieces,  as  big  as  fmall  nuts,  abforbed  three 
.  ©unce  meafures  of  the  air  in  about  half  an  hour. 
The  green  colour  was  very  fuperficial ;  for  it 
was  eafily  wiped  or  wafhed  off. 

Green  copperas  turned  to  a  deeper  green  upon 
being  put  into  acid  air,  which  it  abforbed 
flowly.  IVhite  copperas  abforbed  this  air  very 
faft,  and  was  dilTolved  in  it. 

t 

*  / 

Sal  ammoniac^  being  tiie  union  of  fpirit  of 
fait  with  volatile  alkali,  was  no  more  affeded 
with  the  acid  air  than,  as  1  have  obferved  before, 
common  fait  was.  , 

I  alfo  introduced  to  the  acid  air  various  other 
fubftances,  without  any  particular  expedation  ; 
and  it  may  be  worth  while  to  give  an  account  of 
the  refults,  that  the  reader  may  draw  from  them 
fuch  conclufions  as  he  ihall  think  reafonable. 


Borax 
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Borax  abforbed  acid  air  about  as  faft  as  blue 
vitriol,  but  without  any  thing  elfe  that  was  ob- 
fervable# 

Fine  white  fugar  abforbed  this  air  flowly,  was  ' 
thoroughly  penetrated  with  it,  became  of  a 
deep  brown  colour,  and  acquired  a  fmell  that 
was  peculiarly  pungent, 

A  piece  of  quick  lime  being  put  to  about 
twelve  or  fourteen  ounce  meafures  of  acid  air, 
and  continuing  in  thatfituation  about  two  days,' 
there  remained  one  ounce  meafure  of  air  that 
was  not  abforbed  by  water,  and  it  was  very 
ftrongly  inflammable,-  as  much  fo  as  a  mixture' 
of  half  inflammable  and  half  common  air.’ 
Very  particular  care  was  taken  that  no  common 
air  mixed  with  the  acid  air  in  this  procefs.  At 
another  time,  from  about  half  the  quantity  of 
acid  air  above  mentioned,  with  much  lefs  quick¬ 
lime,  and  in  the  fpace  of  one  day,  I  got  half 
an  ounce  meafure  of  air  that  was  inflammable 
in  a  flight  degree  only.  This  experiment 
proves  that  fome  part  of  the  phlogifhon  which 
efeapes  from  the  fuel,  in  contadt  with  which 
the  lime  is  burned,  adheres  to  it.  But  I  am: 
very  far  from  thinking  that  the  caufticity  of 
quick-lime  is  at  all  owing  to  this  circumftance. 


I  have 
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I  have  made  a  few  more  experiments  on  the 
mixture  of  acid  air  with  o/i^er  kinds  of  air^  and 
think  that  it  may  be  worth  while  to  mention 
them,  though  nothing  of  confequence,  at  leaft 
nothing  but  negative  conclulions,  can  be  drawn 
from  them. 

A  quantity  of  common  air  faturated  with 
nitrous  air  was  put  to  a  quantity  of  acid  air, 
and  they  continued  together  all  night,  without 
any  fenfible  effed:.  The  quantity  of  both  re¬ 
mained  the  fame,  and  water  being  admitted  to 
them,  it  abforbed  all  the  acid  air,  and  left  the 
other  juft  as  before. 

A  mixture  of  two  thirds  of  air  dimlnifhed 
by  iron  filings  and  brimftone,  and  one  third 
acid  air,  were  mixed  together,  and  left  to  ftand 
four  v/eeks  in  quickfilver.  But  when  the  mix¬ 
ture  was  examined,  water  prefently  imbibed  all 
the  acid  air,  and  the  diminifhed  air  was  found  to 
'  be  juft  the  fame  that  it  was  before.  I  had  ima¬ 
gined  that  the  acid  air  might  have  united  with 
the  phlogifton  with  which  the  diminifhed  air. 
was  overcharged,  fo  as  to-  render  it  wholfome  % 
and  I  had  read  an  account  of  the  flench  arifing 
from  putrid  bodies  being  corrected  by  acid 
fumes. 


The 
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The  remaining  experiments,  in  which  the 
acid  air  was  principally  concerned,  are  of  ^ 
mifcellaneous  nature. 

I  put  a  piece  of  dry  ice  to  a  quantity  of  acid 
air  (as  was  obferved  in  the  fedrion  concerning 
alkaline  air)  taking  it  with  a  forceps,  which,  as 
well  as  the  air  itfelf,  and  the  quick filver  by 
which  it  had  been  confined^  had  been  expofed 
to  the  open  air  for  an  hour,  in  a  pretty  llrong 
frofti  The  moment  it  touched  the  air  it  was 
difibived  as  fall  as  it  would  have  been  by  being 
thrown  into  a  hot  fire,  and  the  air  was  prefen tly 
imbibed.  Putting  frefli  pieces  of  ice  to  that 
which  was  diffolved  before,  they  were  alfo  dif- 
folved  immediately,‘and  the  water  thus  procured 
did  not  freeze  again,  though  it  w^as  expofed  a 
whole  night,  in  a  very  intenfe  frofe.  * 

\ 

Flies  and  fpiders  die  in  acid  air,  but  not  fo 
quickly  as  in  nitrous  air.-  This  furprized  me 
very  much  ;  as  I  had  imagined  that  nothing 
could  be  more  fpeedily  fatal  to  all  animal  life 
than  this  pure  acid  vapour. 

As  inflammable  air,  I  have  obferved,  fires 
at  one  explofion  in  the  vapour  of  fmoking  fpirit 
of  nitre,  jufl  like  an  equal  mixture  of  inflam¬ 
mable  and  common  air,  I  thought  it  was  poflible 
that  the  fume  which  naturally  rifes  from  com¬ 
mon 
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mon  fpirk  of  fait  might  have  the  fame  effedt, 
but  it  had  not.  For  this  purpofe  I  treated  the 
fpirit  of  fait,  as  I  had  before  done  the  fmoking 
fpirit  of  nitre  ;  firft  filling  a  phial  with  it,  then 
inverting  it  in  a  vcffel  containing  a  quantity'  of 
the  fame  acid  ;  and  having  thrown  the  inflam¬ 
mable  air  into  it,  and  thereby  driven  out  all 
the  acid,“  turning.it  with  its  mouth  upwards, 

and  immediately  applying  a  candle  to  it. 

✓ 

V 

t  ■  •  A 

Acid  air  not  being  fo  manageable  as  moll  of 
the  other  kinds  of  air,  I  had  recouffe  to  the  fob 
lowing  peculiar  method,  in  order  to  afcertain  its 
fpecific  gravity.  Having  filled  ah  eight  ounce 
phial  with  this'  air,  and  corked  it  up,  I  weighed 
it  very  accurately  ;  and  then,  taking  out  the 
cork,  I  blew  very  ftroiigly  into  it  with  a  pair 
of  bellows,’  that  the  common  air  might  take 
place  of  the  acid  ;  and  after  this  I  weighed  it 
again,'  together  with  the  cork,  blit  I  could  not 
perceive  the  leafl:  difference  in  the  weight.  I 
conclude,  however,  from  this  experiment,  that 
the  acid  air  is  heavier  than  the  corhmon  air, , 
becaufe  the  naouth  of  the  phial  and  the  infidc 
of  it  were  evidently  moiftened  by  the  water 
v/hich  the  acid  vapour  had  attracted  from  the 
air,  which  moiflure  muft  have  added  to  the 
weight  of  the  phiaL‘ 

R  SECTION 


\ 
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SECTION  V. 

Of  Inflammable  Air. 

It  will  have  appeared  from  my  former  expe¬ 
riments,  that  inflammable  air  confifts  chiefly, 
if  not  wholly,  of  the  union-of  in.  acid  vapour 
with  phlogifton ;  that  as  much  of  the  phlogifton 
as  contributes  to  make  air  inflammable  is  im¬ 
bibed  by  the  water  in  which  it  is  agitated ;  that 
in  this  procefs  it  foon  becomes  fit  for  refpiration,' 
and  by  the  continuance  of  it  comes  at  length 
to  extinguifli  flame.  Thefe  obfervations,  and 
others  which  I  have  made  upon  this  kind  of 
air,  have  been  confirmed  by  my  later  experi¬ 
ments,  efpecially  thofe  in  which  I  have  con- 
ne(fi:cd  ek^rical  experiments  with  thofe'  on  air.- 

The  eledlric  fpark  taken  in  any  kind  of  oil 
produces  inflammable  air,  as  I  was  led  to  ob- 
ferve  in  the  following  manner.  Having 
found,  as  will  be  mentioned  hereafter,  that 
ether  doubles  the  quantity  of  any  kind  of  air 
to  which  it  is  admitted  ;  and  being  at  that  time 
engaged  in  a  courfe  of  experiments  to  afeertairt 
the-effed  of  the  eled:ric  matter  on  all  the  dif- 
ferent  kinds  of  air,  I  had  the  curiofity  to  try 
what  it  would  do  with  common  air^  thus  in- 

creafed 
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creafed  by  means  of  et^ier.  The  very  firft 
fpark,  I  obferved,  increafed  the  quantity  of  this 
air  very  cdrifiderably,  fo  that  I  had  very  foon 
fix  or  eight  times  as  much  as  I  began  -with ; 
and  whereas  water  imbibes  all  the  ether  that  is 
put  to  any  kind  of  air,  and  leaves  it  without 
any  vifible  change,  with  refpedt  to  quantity  of 
quality,  this  air,  on  the  contrary,  Svas  not  im¬ 
bibed  by  waiter.  It  was  alfo  very  little  dimi- 
nifhed  by  the  mixture  of  nitrous  air.  From  , 
whence  it  was  evident,  that  it  had  received  ah 
addition  of  fome  other  kind  of  air,  of  which 
it  now  principally  confifted; 

In  order  to  determine  whether  this  effed:  was 
produced  by  the  wire,  or  the  cement  by  which 
the  air  was  confined  (as  I  thought  it  pofiible 
that  phlogifton  might  be  difcharged  from  them) 

I  rnade  the  experiment  in  a  glafsfyphon,  fig.  19, 
and  by  that  means  1  contrived  to  make  the 
elcdric  fpark  pafs  ftoni  quickfilver  through  the 
air  on  which  I  made  the  experiment,  and  the 
effed  was  the  fame  as  before.  At  one  time 
there  happened  to  be  a  bubble  of  common  air, 
without  any  ether,  in  one  part  of  the  fyphon, 
and  another  bubble  with  ether  in  another  part 
of  it  •,  and  it  was  very  amufing  to  obferve  how 
the  fame  eledric  fparks  diminilhing  the  former 
of  thefe  bubbles,  and  increafed  the  latter. 
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It  being  evident  that  the  ether  occalioned  th(? 
dilFerence  that  was  obfervable  in  thefe  two  cafes^ 
1  next  proceeded  to  take  the  eledlric  fpark  in  a 
quantity  of  ether  only,  without  any  air  what¬ 
ever;  -and  obferved  that  every  fpark  produced 
a  fmall  bubble  ;  and  though,  while  the  fparks 
were  taken  in  the  ether  itfelf,  the  generation  of 
air  was  flow,  yet  when  fo  much  air  was  col^ 
kcted,  that  the  fparks  were  -obliged  to  pafs 
throuo;h*  it,  in  order  to  come  to  the  ether  and 
the  qulckfilver  on  which  it  refled,  the  increafe 
was  exceedingly  rapid  ;  fo  that,  making  the 
experiment  in  fmall  tubes,  as  fig.  i6,  the  quick- 
fllver  foon  receded  beyond  the  flrlking  diftance.- 
This  air,  by  pafling  through  water,  was  dimi- 
niflied  to -about  one  third,  and  was  inflani-* 
mable. 

One  quantity  of  air  produced  in  this  manner 
from  ether  I  fuflered  to  fland  two  days  in  water, 
and  after  that  I  transferred  it  feveral  times 
through  the:  water,  from  one  veflel  to  another, 
and  ftill  found  that  it  was  very  flrongly  inflam¬ 
mable  ;  fo  that  I  have  no  doubt  of  its  being 
genuine  inflammable  air,  like  that  which  is- 
produced  from  metals  by  acids,  or  by  any  other 
chemical  procefs. 

Air  produced  from  ether,  mixed  both  with* 
common  and  nitrous  air,  was  likewife  inflam¬ 
mable  ; 
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niablc ;  but  in  the  cafe  of  the  nitrous  air,  the 
original  quantity  bore^a  very  fmall  proportion 
to  the  quantity  generated. 

Concluding  that  the  inflammable  matter  in 
this  air  came  from  the  ether,  as  being  of  the 
clafs  of  oils.,  I  tried  other  kinds  of  oil,  as  oil  of 
olives y  oil  of  turpentine y  and  effential  oil  of  minty 
taking  the  eledtric^fpark  in  them,  without  any 
air  to  begin  with,  and  found  that  inflammable 
air  w^as  produced  in  this  manner  from  them  all. 
The  generation  of  air  from  oil  of  turpentine 
was  the  quickeft,  and  from  the  oil  of  olives  the 
flowed:  in  thefe  three  cafes.  ^ 

By  the  fame  procefs  I  got  inflammable  air 
from  fpirit  of  zvine,  and  about  as  copibufly  as 
from  the  effential  oil  of  mint.  This  air  con¬ 
tinued  in  water  a  whole  night,  and  when  it  was 
transferred  into  another  veflfel  was  llroncyly 
inflammable.  - 

In  all  thefe  cafes  the  inflamrnable  matter 
might  be  fuppofed  to  arife  from  the  inflamma¬ 
ble  fubftances  on  which  the  experiments  w^ere 
made.  But  finding  that,  by  the  fame  procefs, 
I  could  get  inflammable  air  from  the  volatile 
fpirit  of  fal  ammoniacy  I  conclude  that  the  phlo- 
giflon  was  in  part  fupplied  by  the  elcdfric  mat¬ 
ter  itfelfi  For  though,  as  I  have  obferved  be¬ 
ll  3  fore. 
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fore,  the  ^  alkaline  ah*  which  is  expelled  from 
the  fpirit  of  fal  ammoniac  be  inflammable,  it 
is  fo  in  a  very  flight  degree,  and  can  only  be 
perceived  to  be  fo  when  there  is  a  confiderable 
quantity  of  it. 

^  ^  j 

,  Endeavouring  to  procure  air  from  a  cauflic 
alkaline  liquor,  accurately  made  for  me  by  Mr. 
Lane,  and  alfo  from  fpirit  of  fait,  I  found 
that  the  eledlric  fpark  could  npt  be  made  yifi- 
ble  in  either  of  them ;  fo  that  they  mull  be 
much  more  perfe(5t  conductors  of  ^eleCtricity 

than  water,  or  other  fluid  fubftances.  This 
experiment  well  deferves  to  be  profecuted. 

I  obferyed  before  that  inflammable  air,  by 
ftanding  long  in  water,  and  efpecially  by  agita¬ 
tion  in  water,  lofes  its  Inflammability  ;  and  that 
in  the  latter  cafe,  after  pafling  through  a  flate 
in  which  it  makes  fome  approach  to  common 
air  (juft  admitting  a  candle  to  burn  in  it)  it 
comes  to  extinguifh  a  candle.  I  have  flnee  made 
another  obfervation  of  this  kind,  which  w^qll 
deferves  to  be  recited.  It  relates  to  the  inflam- 

i  •  -  f  ■ 

mable  air  generated  from  oak  the  27th  of  July 

1771,  of  which  I  have  made  mention  before. 

<  ’ 

This  air  I  have  obferved  to  have  been  but 
weakly  inflammable  fome  months  after  it  was 
generated,  and  to  have  been  converted  into 
^ .  '  pretty 


» 
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pretty  good  or  wholefome  air  by  no  great  de¬ 
gree  of  agitation  in  water  ;  but  on  the  27th  of 
March  1773,  I  found  the  remainder  of  it  to 
be  exceedingly  good  air.  A  candle  burned  in 
it  perfectly  well,  and  it  was  diminiflied  by  ni¬ 
trous  air  almoft:  as  much  as  common  air. 

I  fhall  conclude  this  fedion  with  a  few  mif- 
cellaneous  obfervations  of  no  great  importance. 

Inflammable  air  is  not  changed  by  being 
made  to  pafs  many  times  through  a  red-hot  iron 
tube.  It  is  alfo  no  more  diminiflied  or  chang¬ 
ed  by  the  fumes  of  liver  of  fulphur,  or  by  the 
ele6lric  fpark,  than  I  have  before  obferved  it  to 
have  been  by  a  mixture  of  iron  filings  and 
brimftone.  When  the  eledtric  fpark  was  taken 
in  it,  it  v/as  confined  by  a  quantity  of  water 
tinged  blue  with  the  juice  of  archil,  but  the 
colour  remained  unchanged. 

I  put  two  wafps  into  inflammable  air,  and 
let  them  remain  there  a  conliderable  time,  one 
of  them  near  an  hour.  They  prefently  ceafed 
to  move,  and  feemed  to  be  quite  dead  for  about 
half  an  hour  after  they  were  taken  into  the 
open  air ;  but  then  they  came  to  life  again,  and 
prefently  after  feemed  to  be  as  well  as  ever  they 
had  been.  '  % 
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S  E  C  T  I  Q  N  VL 
Of  Fixed  Air. 

The  additions  I  have  made  to  my  obferva« 
tions  on  fixed  air  are  neither  numerous  nor 
confiderable. 

The  moll  important  of  them  is  a  confirma¬ 
tion  of  my  conjecture,  that  fixed  air  is  capable 
of  forming  an  union  with  phiogifion,  and  there¬ 
by  becoming  a  kind  of  air  that  is  not  mifcible 
with  water,  I  had  produced  this  eifeCl  before 
by  means  of  iron  filings  and  brimftonc,  fer¬ 
menting  in  this  kind  of  air ;  but  I  have  fince 
had  a  much  more  decifive  and  elegant  proof  of 
it  by  ele3ricity.  For  after  taking  a  fmall  elec¬ 
tric  explofion,  for  about  an  hour,  in  the  fpace 
of  an  inch  of  fixed  air,  confined  in  a  glafs  tube 
one  tenth  of  an  inch  in  diameter,  fig.  1 6,  I 
found  that  when  water  was  admitted  to  it,  only 
one  fourth  of  the  air  was  imbibed.  Probably 
the  whole  of  it  would  have  been  rendered  im- 
mifcible  in  water,  if  the  eleClrical  operation  had 
been  continued  a  fufficient  time.  This  air  con¬ 
tinued  feveral  days  in  water,  and  was  even  agi* 
tated  in  water  without  any  farther  diminution. 

It 
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It  was  not,  however,  common  air,  for  it  was 
not  diminillied  by  nitrous  air. 

By  means  of  iron  filings  and  brimftone’  I 
have,  fince  my  former  experiments,  procured  a 
confiderable  quantity  of  this  kind  of  air  in  a 
method  fomething  different  from  that  which  I 
ufed  before.  For  having  placed  a  pot  of  this 
mixture  under  a  receiver,  and  exhaufted  it 
with  a  pump  of  Mr.  Smeaton’s  conitrudion,  .1 
filled  it  with  fixed  air,  and  then  left  it  plunged 
under  water-,  fo  that  no  common  air  could 
have  accefs  to  it.  In  this  rnanner,  and  in  about  a 
week,  there  was,  as  near  as  I  can  recoiled,  one 
fixth,  or  at  leaft  one  eighth  of  the  whole  con¬ 
verted  into  a  permanent  air,  not  imbibed  by 
water. 

From  this  experiment  I  expeded  that  the 
fame  effed  would  have  been  produced  on  fixed 
air  by  the  fumes  of  liver  of  fulphur ;  but  I  was 
difappointed  in  that  expedation,  which  fur- 
prifed  me  not  a  little ;  though  this  correfponds  - 
in  fome  meafure,  to  the  effed  of  phlogifton  ex¬ 
haled  from  this  fubflance  on  acid  air.  Perhaps 
more  time  may  be  requifite  for  this  purpofe, 
for  this  procefs  was  not  continued  more  than 
a  day  and  a  night. 

k  .  •  • 


Iron 
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-'.Iron  filings  and  brimftone,  I  have  obferved, 
ferment  with  great  heat  in  nitrous  air,  and  I 
have  fince  obferved  that  this  procefs  is  attend- 
'ed  with  greater  heat  in  fixed  air  than  in  com¬ 
mon  air. 

Though  fixed  air  incorporated  with  water 
diflblves  iron,  fixed  air  without  water  has  no 
fuch  power,  as  I  obferved  before.  I  imagined 
that,  if  it  could  have  diflblved  iron,  the  phlo- 
o-illon  v/oiild  have  united  with  the  air,  and 

O 

have  made  it  immifcible  with  water,  as  in  the 
former  inftances  ,  but  after  being  confined  in  a 
phial  full  of  nails  from  the  1 5th  of  December 
to  the  4th  of  Odiober  following,  neither  the 
iron  nor  the  air  appeared  to  have  been  affeded 
by  their  mutual' contad. 

Having  expofed  equal  quantities  of  common 
and  fixed  air,  in  equal  and  fimilar  cylindrical 
glafs  vefifels,  to  equal  degrees  of  heat,  by  plac¬ 
ing  them  before  a  fire,  and  frequently  changing 
their  fituations,  I  obferved  that  they  were  ex¬ 
panded  exadly  alike,  and  when  removed  from 
the  fire  they  both  recovered  their  former  ^i- 
menfions. 

Having  had  fome  fmall  fufpicion  that  liver,  of 
fulphur,  befides  emitting  phlogiflon,  might 

^Ifo 


Fixed  Air*  ,  251 

alfo  yield  fome  fixed  air  (which  is  known  tp 
be  contained  in  the  fait  of  tartar  from  which 
it  is  made)  I  mixed  the  two  ingredients,  viz. , 
fait  of  tartar  and  brimftonc^  and  putting 
them  into  a  thin  phial,  and  applying  the 
flame  of  a  candle  to  it,  fo  as  to  forni  the 
liver  of  fulphur,  I  received  the  air  that 
came  frorn  it  in  this  procefs  in  a  veflel  of 
quickfilver.  In  this  manner  I  procured  a  very 
confiderable  quantity  of  fixed  air,  fo  that  I 
judged  it  was  all  difeharged  from  the  tartar. 
But  though  it  is  poflible  that  a  fmall  quan¬ 
tity  of  it  may  remain  in  ^liver  of  fulphur, 
when  it  is .  made  in  the  mofi:  perfect  manner, 
it  is  not  probable  that  it  can  be  expelled 
without  heat. 


SEC- 


[  252  ] 

SECTION  VIL 
Miscellaneous  Experiments, 

I.  It  is  fometliing  extraordinary  that,  though 
ether,  as  I  found,  cannot  be  made  to  afTume 
the  form  of  air  (the  vapour  arifing  from  it  by 
heat,  being  foon  condenfed  by  cold,  even  in 
quicklilver)  yet  that  a  very  fmall  quantity  of 
ether  put  to  any  kind  of  air,  except  the  acid, 
and  alkaline,  which  it  imbibes,  almod  inftant- 
ly  doubles  the  apparent  quantity  of  it ;  but 
upon  palling  this  air  through  water,  it  is 
prefently  reduced  to  its  original  quantity  again, 
with  little  or  no  change  of  quality. 

I 

I  put  about  the  quantity  of  half  a  nut-lhell 
full  of  ether,  inclofed  in  a  glafs  tube,  through 
a  body  of  quickfilver,  into  an  ounce  meafure 
of  common  air,  confined  by  quickfilver;  upon 
which  it  prefently  began  to  expand,  till  it  oc¬ 
cupied  the  fpace  of  two  ounce  meafurcs.  It 
then  gradually  contraded  about  one  fixth  of  an 
ounce  meafure.  Putting  more  ether  to  it,  it 
again  expanded  to  two  ounce  raeafures  ;  but  no 
more  addition  of  ether  would  make  it  expand 
any  farther.  Withdrawing  the  quickfilver,  and 
admitting  water  to  this  air,  without  any  agita¬ 
tion, 
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-  tion,  it  began  to  be  abforbed ;  but  only  about 
half  an  ouiue  meafure  had  difappeared  after  it 
had  flood  an  hour  in  the  water.  But  by  once 
paffing  it  through  water  the  air  was  reduced  to 
its  original  dimenfions.  Being  tried  by  a  mix¬ 
ture  of  nitrous  air,  it  appeared  not  to  be  fa' 
good  as  frefh  air,  though  the  injury  it  had  re¬ 
ceived  was  not  confiderablc. 

All  the  phenomena  of  dilatation  '’and  con- 
tradlion  were  nearly  the  fame,  when,  inflead  of  ^ 
common  air,  I  ufcd  nitrous  airy  fixed  air,  in¬ 
flammable  air,  or  any  fpecies  of  phlogiflicated 
common  air.  The  quantity  of  each  of  thefe  , 
kinds  of  air  was  nearly  doubled  while  they 
were  kepj:  in  quickfilver,  but  fixed  air  was  not 
fo  much  increafed  as  the  rcfl,  and  phlogifdcated 
air  lefs ;  but  kfter  pafiing  through  the  watery 
they  appeared  not  to  have  been  fenfibly  changed 
by  the  procefs. 

2,  Spirit  of  wine  yields  no  air  by  means  of 
heat,  the  vapours  being  foon  condenfed  by  cold, 
like  the  vapour  of  water  ;  yet  when,  in  endea¬ 
vouring  to  procure  air  from  it,  I  made  it  boil, 
and  catched  the  air  which  had  refted  on  the  fur- 
face  of  the  fpirit,  and  which'  had  been  expelled 
by  the  heat  together  with  the  vapour,  in  a  vcfTel 
of  quickfilver,  and  afterwards  admitted  acid  . 
air  to  it,  the  vefTel  was  filled  with  white  fumes, 
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as  if  there  had  been  a  mixture  of  alkaline  air 
along  with  it.  To  what  this  appearance  was 
owing  I  caiinot  tell^  and  indeed  I  did  not  exa- 
rhine  into  it. 

« 

3.  Having  been  informed  by  Dr.  Small  and 
Mr.  Bolton  of  Birmingham,  that  paper  dipped 
in  a  folutioh  of  copper  in  fpirit  of  nitre  would 
'take  fire  with  a  moderate  heat  (a  fadt  which  I 
afterwards  found  mentioned  in  the  Philofophi- 
cai  Tranfad:ions)  it  occurred  to  me  that  this 
would  be  very  convenient  for  experiments  re¬ 
lating  to  ignition  in  different  kinds  of  air  ;  and 
indeed  I  found  that  it  was  eafrly  fired,  either  by  > 
a  burning  lens,  or  the  approach  of  red-hot  ifon 
on  the  outfide  of  the  phial  in  which  it  was  con¬ 
tained,  and  that  any  part  of  it  being  once  fired, 
the  whole  was  prefently  reduced  to  afhes ;  pro¬ 
vided  it  was  previoufly  made  thoroughly  dryy 
which,  however,  it  is  not  very  eafy  to  do. 

I 

I 

With  this  preparation,  I  found  that  this  pa¬ 
per  burned  freely  in  all  kinds  of  air,  but  not 
in  vaciio^  which  is  alfo  the  cafe  with  gunpow¬ 
der  •,  and,  as  I  have  in  effedt  obferved  before, 
all  the  kinds  of  air  in  which  this  paper  was 
burned  received  an  addition  to  their  bulk,- 
which  confided  partly  of  nitrous  air,  from  the 
I  nitrous  precipitate,  and  partly  of  inflammable 
air,  from  the  paper.  As  fome  of  the  cirCum* 

dances 
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ftances  attending  the  ignition  of  this  paper  in 
fome  of  the  kinds  of  air  were  a  little  remark¬ 
able,  I  lhall  juft  recite  them. 

? 

» 

•fi  '  1 1 

Firing  this  paper  in  injlammable  air,  whieft 
it  did  without  any  ignition  of  the  infiammable^ 
air  itfelf,  the  quantity  increafed  regularly,  till 
the  phial  in  which  the  procefs  was  made  \yas. 
nearly  full;  but  then  it  began  to  decreafe,  tilt 
one  third  of  the  whole  quantity  difappeared.,,  , 

• " 

A  piece  of  this  paper  being  put  to  three 
ounce  meafures  of  acid  air,  a  great  part  of  it 
prcfently  turned  yellow,  and  the  air  was  re¬ 
duced  to  one  third  of  the  original  quantity,  at. 
the  fame  time  becoming  reddilh,  exadtiy  likCj^ 
corhmon  air  in  a  phial  containing  fmoking  fpirit 
of  nitre."  After  this,  by  the  approach; 9^ 
hot  iron,  J  fet  fire  to  the  paper ;  immediately 
upon  which  there  was  a  produdlion  of  air  which 
more  than  filled  the  phial.  This  air  appeared,^^ 
upoii  examination,  to  be  very  little  different 
from  pure  nitrous  air.  I  repeated  this  expert 
ment  with  the  fame  event.  v 

Paper  dipped  in  a-  folution  of  mercufy,, 
zinc,  or  iron,  in  nitrous  acid,  has,  in  a  fmall 
degree,  the  fame  property  with  paper  dipped  in 
a  folution  of  copper  in  the  fame  acid.  . 

Gun. 
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4.  Gunpowder  is  alfo  fired  in  all  kinds  of 
and^  in  the  quantity  in  which  I  tried  it,  did 
not  make  any  fenfible  change  in  .them,  except 
that  the  common  air  in  which  it  was  fired 
would  not  afterwards  admit  a  candle  to  burn  in 
It.  In  order  to  try  this  experiment  I  half  ex- 
.  haufted  a  receiver,  and  then  with  a  burning-' 
glafs  fired  the  gunpowder  which  had  been  pre- 
vioufly  put  into  it.  By  this  means  I  could  fire  a 
greater  qliantity  of  gunpowder  in  a  fmall  quan¬ 
tity  of  air,  and  avoid  the  hazard  of  blowing  up,' 
and  breaking  my  receiver. 

I  own  that  I  w^as  rather  afraid  of  firing: 
gunpowder  in  infiamniable  kiri  but  there  was' 
no  teafon  for  ihy  fear  ;  for  it  exploded^, quite 
freely  in  this  air,  leaving  it,  in  all  refpedts,  jurf 
as  it  was  before.  " 

In  order  to  make  this  expeiinient,  and  in¬ 
deed  almoft  all  the  experiments  of  firing  gun- 
povvder  in  different  kinds  of  air,  I  placed  the 
powder  upon  a  convenient  Hand  within  my  re¬ 
ceiver,  arid  having  carefully  exhaufted  it  by 
pump  of  Mr.  Smeaton’s  conflrudiion,  I  filled 
the  receiver  with  any  kind  of  air  by  the  appa¬ 
ratus  deferibed,  p.  19,  fig.  14,  taking  the  greaf- 
cfk  care  that  the  tubes,  &c.  which  conveyed 
the  air  fhould  contain  little  or  no  common 
air.  In  the  experiment  with  inflammable  kir  a" 

con-' 
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confiderable  mixture  of  common  air  would  have 
been  exceedingly  hazardous  :  for,  by  that  ahlft- 
ance,  the  inflammable  air  might  have  exploded 
in  fuch  a  manner;^  as  to  have  been  dangerous  to 
the  operator.  Indeed,  I  believe  I  fliould  not  have 
ventured  to  have  made  the  experiment  at  all  with 
any  other  pump-befides  Mr.  Smeaton’s. 

Sometimes,  I  filled  a  glafs  vefiel  with  quick- 
filver,  and  introduced  the  air  to  itj  when  it  was 
inverted  in  a  bafonof  quickfilver.  By  this  means 
I  intirely  avoided  any  mixture  of  common  air  i 
but  then  it  was  not  cafy  to  convey  the  gunpow¬ 
der  into  it,  in  the  exadl  quantity  that  was  re- 
quifite  for  my  purpofe.  This,  however,  was 
the  only  method  by  which  I  could  contrive 
to  fire  gunpowder  in  acid  or  alkaline  air,  in 
which  it  exploded  jiifl:  as  it  did  in  nitrous  or 
fixed  air. 

I  burned  a  confiderable  quantity  of  gunpow¬ 
der  in  an  exhaufted  receiver  (for  it  is  w'ell 
known  that  it  will  not  explode  in  it)  but  the  air 
I  got  from  it  .was  very  inconfiderable,  and  in 
thefe  circumflances  was  neceifarily  mixed  with 
common  air,  A  c'andle  would  not  burn  in  it. 


S 
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SECTION  VIII. 

t 

Queries,  Speculations,  and  Hints. 


I  begin  to  be  apprehenfive  left,  after  being 
confidered  as  a  dry ^  experimenter^  I  Ihould  pafs, 
with  many  of  my  readers,  into  the  oppo- 
fite  character  of  a  vifionary  theorijl.  A  good 
deal  of  theory  has  been  interfperfed  in  the 
courfe  of  this  work,  but,  not  content  with 
this,'  I  am  now  entering  upon  a  long  fedlion, 
which  contains  nothing  elfe, 

t 

The  conjediures  that  I  have  ventured  to  ad¬ 
vance  in  the  body  of  the  work  will,  I  hope,  be 
found  to  be  pretty  well  fupported  by  fadts  •,  but 
the  prefent  fedtion  will,  I  acknowledge,  contain 
many  random  thoughts,  I  have,  however,  thrown 
them  together  by  themfelves,  that  readers  of  lefs 
iiuagination,  and  who  care  not  to  advance  be¬ 
yond  the  regions  of  plain  fadt,  may,  if  they 
pleafe,  proceed  no  farther,  that  their  delicacy 
be  not  offended. 

I 

In  extenuation  of  my  offence,  let  it,  how¬ 
ever,  be  confidered,  that  theory  and  experiment 

nc- 
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neceffarily  go  hand  in  hand,  every  procefs  be¬ 
ing  intended  to  afcertain  fome '  particular  hypo^ 
thefts^  which,  in  fadt,  is  only  a  conjeflure  con¬ 
cerning  the  circumftances  or  the  caufe  of 
fome  natural  operation  ;  confequently  that  the 
bolded  and  mod  original  experimenters  are 
thofe,  who,  giving  free  fcope  to  their  imagina¬ 
tions,  admit  the  combination  of  the  mod  didant 

J  » 

ideas  ;  and  that  though  many  of  thefe  aflbcla- 
tions  of  ideas,  will  be  wild  and  chimerical,  yet 
that  others  will  have  the  chance  of  giving  rife 
to  the  gfeated  and  mod  capital  difcoveries  ; 
fuch  as  very  cautious,  timid,  fober,  and  flow¬ 
thinking  people  would  never  have  come  at. 

Sir  Ifaac  Newton  himfelf,  notwithdanding 
the  orreat  advantage  which  he  derived  from  a 
habit  of  patient  thinkings  indulged  bold  and, 
excentric  thoughts,  of  which  his  Queries  at 
the  end  of  his  book  of  Optics  are  a  fufficien't 
evidence.  And  a  quick  conception  of  didant 
analogies,  which  is  the  great  key  to  unlock  the 
fecrets  of  nature,  is  by  no  means  incompatible 
with  the  fpirit  of  perfeverance^  in  invedigations’ 
calculated  to  afcertain  and  piirfue  thofe  ana- 
loories. 


S  2 
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§  I.  Speculations  concerning  the  constituent 
PRINCIPLES  of  the  different  kinds  of  air ^  and 
the  CONSTITUTION  and  origin  of  //’^  atmo¬ 
sphere,  &c. 

All  the  kinds  of  air  that  appear  to  me  to  be 
cffentially  diflindt  from  each  other  are  fixed 
air^  acid  and  alkaline  ;  for  rhefe,  and  another 
principle,  called  phlogijion,  which  I  have  not 
been  able  to  exhibit  in  the  form  of  air^  and 
which  has  never  yet  been  exhibited  by  itfelf  in 
any  form,  feem  to  conftitute  all  the  kinds  of  air 
that  I  am  acquainted  with. 

Acid  air  and  phlogillon  conftitute  an  air 
which  either  extinguifhes  flame,  or  is  itfelf  in¬ 
flammable,  according,  probably,  to  the  quantity 
of  phlogifton  combined  in  it,  or  the  mode  of  com¬ 
bination.  Vsdien  it  extinguifhes  flame,  it  is  pro¬ 
bably  only  fo  much  charged  with  the  phlogifliic 
matter,  as  to  take  no  more  from  a  burning  can¬ 
dle,  which  mufl:,  therefore,  necelTarily  go  out 
in  it.  Whendt  is  inflammable,  it  is  probably 
fo  much  charged  with  phlogiflon,  that  the  heat 
communicated  by  a  burning  candle  makes  it 
immediately  feparate  itfelf  from  the  other  prin- 
,  ciple  with  which  it  was  united,  in  which  fepa- 
ration  heat  is  produced,  as  in  other  cafes  of  ig¬ 
nition  •,  the  adtion  and  readlion,  which  neceffarily 
attends  the  feparatipn  of  the  conflituent  princi- 
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pies,  exciting  probably  a  vibratory  motion  in 
them. 

Since  inflammable  air,  by  agitation  in  water, 
firfl:  comes  to  lofc  its  inflammability,  fo  as  to  be 
fit  for  refpiration,  and  even  to  admit  a  candle 
to  burn  in  it,  and  then  comes  to  extinguifli  a 
candle  ;  it  feems  probable  that  water  imbibes  a 
great  part  of  this  extraordinary  charge  of  phlo- 
giftoh.  And  that  water  can  be  impregnated 
with  phlogiflon,  is  evident  from  many  of  my 
experiments,  efpecially  thofe  in*which  metals 
were  calcined  over  it. 

Water  having  this  affinity  with  phlogiflon,  it 
is  probable  that  it  always  contains  a  confider- 
abie  portion  of  it ;  which  phlogiflon  having  a 
ftronger  affinity  with  the  acid  air,  which  is  per¬ 
haps  the  bafis  of  common  air,  may  by  long 
agitation  be  communicated  to  it,  fo  as  to  leave 
it  over  faturated,  in  confequence  of  which  it 
will  extinguifli  a  candle, 

\ 

It  is  poffible,  however,  that  inflammable  air 
and  air  which  extinguiflies  a  candle  may  differ 
from  one  another  in  the  ynode  of  the  combina¬ 
tion  of  thefc  two  conflituent  principles,  as  well 
as  in  the  proportional  quantity  of  each  ;  and 
by  agitation  in  water,  or  long  flanding,  that 
mode  of  combination  may  change,  '  This  we 

S  3  know 
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knov/  to  be  the  cafe  v/ith  other  fubflances,  as 
with  milk^  from  which,  by  {landing  only,  crearn 
is  feparated  ;  which  by  agitation  becomes  hut- 
ter^  Alfo  many  fubtlances,  being  at  reif,  pu^ 
trefy,  and  thereby  become  quite  different  from 
what  they  were  before.  If  this  be  the  cafe  with 
inflammable  air,  the  water  may  imbibe  either 
of  the  conftitnent  parts,  whenever  any  propor¬ 
tion  of  it  is  fpontaneoufly  feparated  from  the 
reft;  and  Ihould  this  ever  be  that  phlogifton, 
with  which  air  Is  but  ftightly  over-charged,  as 
by  the  burning  of  a  candle,  it  will  be  recovered 
to  a  ftate  in  which  a  candle  may  burn  in  it  again. 

It  will  be  obferved,  however,  that  it  was  only 
in  one  inftance  that  I  found  that  ftrong  inflam¬ 
mable  air,  in  its  tranfition  to  a  ftate  in  which  it 
extinguiflies  a  candle,  would  admit  a  candle  to 
burn  in  it,  and  that  was  very  faintly  ;  that  then 
the  air  was  far  from  being  pure,  as  appeared  by 
the  teft  of  nitrous  air ;  and  that  it  Was  only  from 
a  particular  quantity  of  inflammable  air  which 
I  got  from  oak,  and  which  had  flood  a  long 
time  in  water,  that  I  ever  got  air  which  was  as 
pure  as  common  air.  Indeed,  it  is  much  more 
eafy  to  account  for  the  pafiing  of  inflammable 
air  into  a  ftate  in  which  it  extinguifhes  candles, 
without  any  intermediate  ftate,  in  which  it  will 
admit  a  candle  to  burn  in  i^t,  than  otherwife. 
This  fubjedl  requires  and  deferves  farther  invef- 

tigation. 


I 
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ticration.  It  will  alfo  be  well  worth  while  to  ex- 

o 

amine  what  difference  the  agitation  of  air  in 
natural  or  artificial  fea-water  will  occafion. 

» 

Since  acid  air  and  phlogiflon  make  infiam-  ‘ 
mable  air,  and  fince  inflammable  air  is  con¬ 
vertible  into  air  fit  for  refpiration,  it  feems  not 
to  be  improbable,  that  thefe  two  ingredients  are 
the  only  eflential  principles  of  common  air. 
For  this  change  is  produced  by  agitation  in  wa¬ 
ter  only,  without  the  addition  of  any  fixed  air, 
though  this  kind  of  air,  like  various  other  things 
of  a  foreign  nature,  may  be  combined  with  it. 

Confidering  alfo  what  prodigious  quantities 
of  inflammable  air  are  produced  by  the  burning 
of  fmall  pieces  of  wood  or  pit-coal,  it  may 
not  be  improbable  but  that  the  volcanos^  with 
which  there  are  evident  traces  of  almoft  the 
whole  furface  of  the  earth  having  been  over- 
fpread,  may  have  been  the .  origin  of  our  at- 
mofphere,  as  well  as  (according  to  the  opinion 
of  fome)  of  all  the  folid  land. 

The  fuperfluous  phlogiflon  of  the  air,  in  the 
flate  in  which  it  iflfues  from  volcanos,  may  have 
been  imbibed  by  the  waters  of  the  fea,  which 
it  is  probable  originally  covered  the  furfacc  of 
the  earth,  though  part  of  it  might  have  united 
with  the  aoid  vapour  exhaled  from  the  fea,  and 
"  S  4  by 
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by  this  union  have  made  a  confiderable  and  va¬ 
luable  addition  to  the  comiuon  mals  of  air  *3 
and  the  remainder  of  this  over-charge  of  phlo- 
gifton  may  have  been  imbibed  by  plants  as  fooii 
as  the  earth  was  furnidied  with  them. 

That  an  acid  vapour  is  really  exhaled  from 
the  fea,  by  the  heat  of  the  fun,  fee  ms  to  be 
evident  from  the  remarkably  dilferent  dates  of 
the  atmofphere,  in  this  refpedt,  in  hot  and  cold 
climates.  In  Hudfon’s  bay,  and  alfo  in  Ruffia, 
it  is  faid,  that  metals  hardly  ever  rud,  whereas 
they  are  remarkably  liable  to  rud  in  Barbadoes, 
and  other  iflands  between  the  tropics.  See 
.  Ellis’s  Voyage,  p.  288.  This  is  alfo  the  cafe  in 
places  abounding  with  falt-fprings,  as  Nant- 
wich  in  Chediire. 

That  mild  air  diould  confid  of  parts  of  fo 
very  different  a  nature  as  an  acid  vapour  and 
phlogidon,  one  of  which  is  fo  exceedingly  cor- 
rofive,  will  not  appear  furprifing  to  a  chemid, 
who  confiders  the  very  drong  affinity  which 
thefe  two  principles  are  known  to  have  with 
*  each  other,  and  the  exceedingly  different  pro¬ 
perties  which  fubdances  compofed  by  them  pof- 
fefs.  This  is  exemplified  in  common  fulphuTy 
which  is  as  mild  as  air,  and  may  be  taken  into 
the  domach  with  the  utmod  fafety,  though  no- 
thino-  can  be  more  dedrudlive  than  one  of  its 
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con  ftituent  parts,  feparately  taken,  viz.  oil  of  vi¬ 
triol.  Common  air,  therefore,  notwithftandino: 
its  mlldnefs,  may  be  compofed  of  fimilar  princi¬ 
ples,  and  be  a  real  fulphur. 


'  That  the  fixed  air  which  makes  part  of  the 
atmofphere  is  not  prefently  Imbibed  by  the  wa¬ 
ters  of  the  fea,  on  which  it  rclls,  may  be  owlm^ 
to  the  union  which  this  kind  of  air  aifo  appears 
to  be  capable  of  forming  with  phlogiflon. 
For  fixed  air  is  evidently  of  the  nature  of  an 
acid  ;  and  it  appears,  in  fad:,  to  be  capable  of 
being  combined  with  phlogiflon,  and  thereby  of 
conflituting  a  fpecies  of  air  not  liable  to  be  im¬ 
bibed  by  water.  Phlogiflon,  however,  having 
a  itronger  aifinity  with  acid  air,  which  I  fup- 
pofe  to  be  the  bafis  of  common  air,  it  is  not 
furprifing  that,  uniting  with  this,  in  preference 
to  the  fixed  a'r,  the  latter  fliould  be  precipi¬ 
tated,  whenever  a  quantity  of  common  air  is 
made  noxious  by  an  over-charge  of  phlo- 
giflon. 


The.  fixed  air  with  w^hich  our  atmofphere 
abounds  may  alfo  be  fupplied  by  volcanos,  from 
the  vafl  maffesof  calcareous  matter  lodged  in  the 
earth,  together  with  inflammable  air.  Alfo  a 
part  of  it  may  be  fupplied  from  the  fermenta¬ 
tion  of  vegetables  upon  the  furface  of  it.  At 

pre- 
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prefent,  as  faft  as  it  is  precipitated  and  imbibed 

by  one  proccfs,  it  may  be  fet  loofe  by  others, 

% 

Whether  there  be,  upon  the  whole,  an  in- 
creafe  or  a  decreafe  of  the  general  mafs  of  the 
atmofphcre  is  not  eafy  to  conjedure,  but  I 
fhould  imagine  that  it  rather  increafes.  It  is 
true  that  many  procefles  contribute  to  a  great 
vifible  diminution  of  common  air,  and  that 
when  by  other  procefles  it  is  reflored  to  its 
former  wholefomenefs,  it  is  not  increafed  in  its 
dimenfions  \  but  volcanos  and  fires  ftill  fupply 
vafl  quantities  of  air,  though  in  a  flate  not  yet 
fit  for  refpiration  ;  and  it  will  have  been  feen  in 
my  experiments,  that  vegetable  and  animal  fub- 
fliances,  diflTolved  by  putrefadtion,  not  only  emit 
phlogifton,  but  likewife  yield  a  conflderable 
quantity  of  permanent  elaftic  air,  overloaded 
indeed  with  phlogiflion,  as  might  be  expeded, 
but  capable  of  being  purified  by  thofe  pro- 
ceflTes  in  nature  by  which  other  noxious  air  is 
'purified. 

I 

That  particles  are  continually  detaching 
themfelves  from  the  furfaces  of  all  folid  bodies, 
even  the  metallic  ones,  and  that  thefe  particles 
confliitute  the  rnofi  permanent  part  of  the  at- 
mofphere,  as  Sir  Ifaac  Newton  fuppofed,  does 
not  appear  to  me  to  be  at  all  probable. 
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My  readers  will  have  obferved,  that  not  only 
as  common  air  liable  to  be  diminifhed  by  a  mix¬ 
ture  of  nitrous  air,  but  like  wife  air  originally 
produced  from  inflammable  air,  and  even  from 
nitrous  air  itlelf,  which  never  contained  any 
fixed  air.  From  this  it  may  be  inferred,  that 
the  whole  ot  the  diminution  of  common  air  bv 
phlogiflon  is  not  owing  to  the  precipitation  of 
fixed  air,  but  from  a  real  contraction  of  its  di- 
menflons,  in  confequence  of  its  union  with 
phlogiflon.  Perhaps  an  accurate  attention  to 
the  fpecific  gravity  of  air  procured  from  thefe 
different  materials,  and  in  thefe  different  ftates, 
may  determine  this  matter,  and  affift  us  in  invef- 
tigating  the  nature  of  phlogiflon. 

In  what  manner  air  is  diminiflied  by  phlo- 
gifton,  independent  of  the  precipitation  of  any 
of  its  conflituent  parts,  is  not  eafy  to  conceive  ; 
unlefs  air  thus  diminifhed  be  heavier  than  air  not 
diminiflied,  which  I  did  not  find  to  be  the  cafe. 
Jt  deferves,  however,  to  be  tried  with  more  at¬ 
tention.  That  phlogifton  fliouid  communicate 
abfolute  levity  to  the  bodies  with  which  it  is 
combined,  is  a  fuppofition  that  I  am  not  willing 
to  have  recourfc  to,  though  it  would  afford  an 
cafy  folution  of  this  difficulty. 

I  have  likewife  obferved,  that  a  moufe  will 
live  almoft  as  Ions:  in  inflammable  air,  when  it 

has. 
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has  been  agitated  in  water,  and  even  before  it 
has  been  deprived  of  all  its  inflammability,  as 
in  common  air  •,  and  yet  that  in  this  flate  it  is 
not,  perhaps,  fo  much  diminiflied  by  nitrous  air 
as  common  air  is.  In  this  cafe,  therefore,  the 
diminution  feems  to  have  been  occafloned  by 
a  contra6lion  of  dimenfions,  and  not  by  a  lofs 
of  any  conflituent  part ;  fo  that  the  air  is  really 
better,  that  is,  more  fit  for  refpiration,  than, 
by  the  tell  of  nitrous  air,  it  would  feem  to  be. 

If  this  be  the  cafe  (for  it  is  not  eafy  to  judge 
with  accuracy  by  experiments  with  fmall  ani¬ 
mals)  nitrons  air  will  be  an  accurate  tefl  of  the 
goodnefs  of  common  air  only,  that  is,  air  con-' 
raining  a  confiderable  proportion  of  fixed  air. 
But  this  is  the  mofl  valuable  purpofe  for  which 
a  tefl:  of  the  goodnefs  of  air  can  be  wanted.  It 
will  ftill,  indeed,  ferve  for  a  meafure  of  the 
goodnefs  of  air  that  does  not  contain  fixed  air ; 
bur,  a  fmaller  degree  of  diminution  in  this 
cafe,  muft  be  admitted  to  be  equivalent  to  a 
greater  diminution  in  the  other. 

As  I  could  never,  by  means  of  growing  ve¬ 
getables,  bring  air  which  had  be^n  thoroughly 
noxious  to  fo  pure  a  flate  as  that  a  candle  would 
burn  in  it,  it  may  be  fufpedled  that  fomething 
elfe  befidcs  vegetation  is  neceflary  to  produce 
this  effect.  But  it  fliould  be  confidered,  that 
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no  part  of  the  common  atmofphere  can  ever  be 
in  this  highly  noxious  ilate,  or  indeed  in  a  flate 
in  which  a  candle  will  not  burn  in  it ;  but  that 
even  air  reduced  to  this  ftate,  either  by  candlps 
actually  burning  out  in  it,  or  by  breathing  it, 
has  never  failed  to  be  perfedlly  reftored  by 
vegetation,  at  leaft  fo  far  that  candles  would 
burn  in  it  again,  and,  to  all  appearance,  as 
well,  and  as  long  as  ever  j  fo  that  the  growing 
vegetables,  with  which  the  furface  of  the  earth 
is  overfpread,  may,  for  any  thing  that  appears 
to  the  contrary,  be  a  caufe  of  the  purification 
of  the  atmofphere  fufficiently  adequate  to  the 
effedt.  ' 

It  may  likcwife  be  fufpedled,  that  fince  agi¬ 
tation  in  water  injures  pure  common  air,  the 
agitation  of  the  fea  may  do  more  harm  than 
good  in  this  refpedt.  But  it  requires  a  much 
more  violent  and  longer  continued  agitation  of 
air  in  water  than  is  ever  occafioned  by  the  waves 
of  the  fea  to  do  the  leafl  fenfible  injury  to  it. 
Indeed  a  flight  agitation  of  air  in  putrid  zvater 
injures  it  very  materially ;  but  if  the  water  be 
fweer,  this  effedt  is  not  produced,  except  by  a 
long  and  tedious  operation,  whereas  it  requires 
but  a  very  fhort  time,  in  comparifon,  to  reftore 
a  quantity  of  any  of  the  molt  noxious  kinds  of 
air  to  a  very  great  degree  of  wholefomenefs  by 

the  fame  procefs. 
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Dr.  Hales  found  that  he  could  breathe  the 
fame  air  much  longer  when,  in  the  courfe  of 
his  refpiration,  it  was  made  to  pafs  through 
fevcral  folds  *of  cloth  dipped  in  vinegar,-  in  a- 
folution  of  fea-falr,  or  in  fait  of  tartar,  efpe- 
cially  the  laft.  Statical  ElTays,  voL  i.  p.  266.' 
The  experiment  is  valuable,  and  well  deferves* 
to  be  repeated  with  a  greater  variety  of  circum- 
ftances.  I  imagine  that  the  effedt  was  produced 
by.  thofe  fubftances,  or  by  the  water  which  they 
attradted  from  the  air,  imbibing  the  phlogiftic 
matter  difeharged  from  the  lungs.  Perhaps  the 
phlogifton  may  unite  vvith  the  watery  part  of 
the  atmofphere,  in  preference  to  any  oth^r  part 
of  it,  and  may  by  that  means  be  more  cafily 
/  transferred  to  fuch  falts  as  imbibe  moifture. 

Sir  Ifaac  Newton  defines  jlame  to  be  fumu^ 
candens^  confidering  all  Jmoke  as  being  of  the 
fame  nature,  and  capable  of  ignition.  .  But  the' 
fmoke  of  common  fuel  confifts  of  two  very 
different  things.  That  which  rifes  firfli  is  mere 
water ^  loaded  with  fome  of  the  groffer  parts  of 
the  fuel,  and  is  hardly  more  capable  of  be¬ 
coming  red  hot  than  water  itfelf ;  but  the  other 
kind  of  fmoke,  wEich  alone  is  capable  of  igni¬ 
tion,  is  properly  injlammaUe  air^  which  is  alfo^' 
loaded  with  other  heterogeneous  matter,  fo  as 
to  appear  like  a  very  denfe  frnoke.  A  lighted’ 
candle  foon  fhews  them  to  be  efiTentially  diffe¬ 
rent 
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rent  from  each  other.  For  one  of  them  in-  • 
ilantly  takes  fire,  whereas  the  other  extinguifhes 
a  candle. 

It  is  remarkable  that  gunpowder  will  take 
fire,  and  explode  in  ail  kinds  of  air,  without 
diflindlion,  and  that  other  fubftanees  which 
contain  nitre  will  burn  freely  in  thofe  circum- 
flances.  Now  fince  nothing  can  burn,  unlefs 
there  be  fomething  at  hand  to  receive  the  phlo- 
gifton,  which  is  fet  loofe  in  the  adt  of  ignition, 

I  do  not  fee  how  this  fadt  can  be  accounted  for, 
but  by  fuppofing  that  the  acid  of  nitre,  being 
peculiarly  formed  to  unite  with  phlogifton, 
immediately  receives  it.  And  if  the  fulphnr, 
which  is  thereby  formed,  be  inftantly  decom- 
pofed  again,  as  the  chcmifls  in  general  fay, 
thence  comes  the  explofion  of  gunpowder, 
which,  however,  requires  the  reaction  of  fome 
incumbent  atmofphere,  and  without  which  the 
materials  will  only  melt,  and  be  dijperfed  with¬ 
out  explofion. 

I 

Nitrous  air  feems  to  confifi;  of  the  nitrous 
acid  vapour  united  to  phlogifton,  together,  per¬ 
haps,  with  fome  fmall  portion  of  the  metallic 
calx  ;  juft  as  inflammable  air  confifts  of  the 
vitriolic  or  marine  acid,  and  the  fame  phlogiftic 
principle.  It  fhould  feem,  however,  that  phlo¬ 
gifton  has  a  ftronger  affinity  with  the  marine 

acid, 
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acid,  if  that  be  the  bafis  of  common  air  ;  for 
nitrous  air  being  admitted  to  common  air,  it  is 
immediately  decompofed*,  probably  by  the  phlo- 
gihon  joining  with  the  acid  principle  of  the 
common  air,  while  the  fixed  air  which  it  con¬ 
tained  is  precipitated,  and  the  acid  of  the 
nitrous  air  is  abforbed  by  the  water  in  which 
the  mixture  is  made,  or  unites  with  any  volatile 
alkali  that  happens  to  be  at  hand. 

This,  indeed,  is  hardly  agreeable  to  the  hy- 
pothefis  of  mofl:  chemifts,  ^who  fuppofe  that  the 
nitrous  acid  is  Wronger  than  the  marine,  fo  as 
to  be  capable  of  dillodglng  it  from  any  bafe 
with  which  it  may  be  combined  •,  but  it  agrees 
with  my  own  experiments  on  marine  acid  air, 
which  fhew  that,  in  many  cafes,  this  weaker  acid, 
as  it  is  called,  is  capable  of  feparating  both  the 
vitriolic  and  the  nitrous  acids  from  the  phlo- 
gifton  with  wdaich  they  are  combined. 

On  the  other  hand,  the  folution  of  metals  in 
the  different  acids  feem  to  fliew,  that  the  nitrous 
acid  forms  a  clofer  union  with  phlogiflon  than 
the  other  tv/o  ;  becaufe  the  air  which  is  formed 
by  the  nitrous  acid  is  not  inflammable,  like’ 
that  which  is  produced  by  the  oil  of  vitriol,  or 
the  fpiri't  of  fait.  Alfo,  the  fame  weight  of 
iron  does  not  yield  half  the  quantity  of  nitrons 
air  that  it  does  of  inflammable. 
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The  great  diminution  of  nitrous  air  by  phlo- 
gifton  is  not  cafily  accounted  for,  unlefs  we 
fuppofe  that  its'  fuperabundant  acid,  uniting 
more  intimately  with  the  phlogifton,  conftitutes 
a  fpecies  of  fulphur  that  is  not  eafily  perceived 
or  catched  ;  though,  in  the  procefs  with  iron, 
and  alfo  in  that  with  liver  of  fulphur,  part  of. 
the  redundant  phlogifton  forms  fuch  an  union 
with  the  acid  as  gives  it  a  kind  of  inflamma¬ 
bility. 

It  appears  to  me  to  be  very  probable,  that 
the  fpirit  of  nitre  might  be  exhibited  in  the 
form  of  airy  if  it  were  poftible  to  find  any  fluid 
by  which  it  could  be  confined  ;  but  it  unites 
with  quickfilver  as  well  as  with  water,'  fo  that 
when,  by  boiling  the  fpirit  of  nitre,  the  fumes 
are  driven  through  the  glafs  tube,  fig.  8,  they 
inftantly  feize  upon  the  quickfilver  through 
which  they  are  to  be  conveyed,  and  uniting 
with  it,  form  a  fubftance  that  ftops  up  the 
tube  :  a  circumftance  which  has  more  than  once 
cxpofed  me  to  very  difagreeable  accidents,  in 
confequence  of  the  burfting  of  the  phials, 

I  do  not  know  any  inquiry  more  promifing 
than  the  inveftigation  of  the  properties  of  nitre, 
the  nitrous  acid,  and  nitrous  air,  '  Some  of  the 
moft  wonderful  phenomena  in  nature  are  con- 

T  nedted. 
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nedted  with  them,  and  the  fubjedt^  feems  to  be 
fully  within  our  reach. 

§  2.  Speculations  arijing  from  the  confideration  of 

the  ftmilarity  of  the  etectric  matter  and 

PHLOGISTON. 

There  is  nothing  in  the  hiftory  of  philofophy 
more  ftriking  than  the  rapid  progrefs  of  elediri^ 
city.  Nothing  ever  appeared  more  trifling  than 
the  firfl:  efledls  which  were  obferved  of  this 
agent  in  nature,  as  the  attradtion  and  repulfion 
of  {fraws,  and  other  light  fubftances.  It  ex¬ 
cited  more  attention  by  the  flaflies  of  light  which 
it  exhibited.  We  were  more  ferioufly  alarmed 
at  the  eledtrical  floock,  and  the  effedis  of  the 
eledtrical  battery  ;  and  we  were  afloniflied  to  the 
highefl:  degree  by  the  difeovery  of  the  fimilarity 
of  eledtricity  with  lightnings  and  the  aurora  bo^ 
redlis,  v/ith  the  connexion  it  feems  to  have  with 
water-fpouts,  hurricaneSs  and  earthquakes,  and 
aifo  with  the  part  that  is  probably  afligned  to  it, 
in  the  fyfbem  of  vegetation,  and  other  the  moft 
important  procefles  in  nature. 

Yet,  notwithflanding  all  this,  we  have  been,, 
within  a  few  years,  more  puzzled  than  ever 
with  the  eledtricity  of  the  torpedo,  and  of  the 
anguille  temhlante  of  Surinam,  efpecially  fince 
that  mofl:  curious  difeovery  of  Mr.  Wallh’s, 

that 
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that  the  former  of  thefe  wonderful  fiflies  has 
the  power  of  giving  a  proper  eledlrical  fhock  ; 
the  eledlrical  matter  which  proceeds  from  it 
performing  a  real  circuit  from  one  part  of  the 
animal  to  the  other while  both  the  fifh  which 
performs  this  experiment  and  all  its  apparatus 
are  plunged  in.  water,'  which  is  known  to 'be  a 
Oondiidting  fubftance. 

V 

Perhaps,  however;  by  confidering  this  fadt  ia 
connexion  with  a  few  others,  and  efpecially  ' 
with  what  I  have  lately  obferved  concerning  the 
identity  of  el'edtricity  and  phlogillon,  a  lit¬ 
tle  light  may  be  thrown  upon  this  fubjedt, 
in  confequence  of  which  we  may  be  led  to 
confider  eledlricity  in  a  Hill  more  important 
light.  Many  of  my  readers,  I  am  'aware,’ 
will  fmile  at  what  I  am  going  to  advance ;  but 
the  apprehenfion  of  this  lhall  not  interrupt  my 
fpeculations,  how  chimerical  foever  they  may 
be  thought  to  be. 

The  fadls,  the  cohfideration  of  which  I  would 
combine  with  that  of  the  eledlricity  of  the  tor¬ 
pedo,  are  the  following. 

Firft,  The  remarkable  eledlricity  of  the  fea¬ 
thers  of  a  paroquet,  obferved  by  Mr.  Hart- 
rhann,  an  account  of  which  may  be  feen  in  Mr. 
j^ozier’s  Journal  for  Sept.  1771.  p.  69.  This 

T  2  bird 
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bird  never  drinks,  but  often  waflies  itfelf ;  bul 
the  perfon  who  attended  it  having  negledted  to 
fupply  it  with  water  for  this  purpofe,  its  fea¬ 
thers  appeared  to  be  endued  with  a  proper  elec¬ 
trical  virtue,  repelling  one  another,  and  retain¬ 
ing  their  eledtricity  a  long  time  after  they  were 
plucked  from  the  body  of  the  bird,  juft  as 
they  would  have  done  if  they  had  receivcd,elec- 
tricity  from  an  excited  glafs  tube. 

Secondly,  The  eledlric  matter  diredted 
through  the  body  of  any  mufcle  forces  it  to 
contradt.  This  is  known  to  all  perfons  w^ho 
attend  to  what  is  called  the  eledtrical  fhock ; 
v/hich  certainly  occafions  a  proper  convulfioriy 
but  has  been  more  fully  illuftrated  by  Father 
Beccaria.  See  my  Hijlory  of  EleBricitjy  p.  402. 

\ 

Laftly,  Let  it  be  confidered  that  the  proper 
nouriftimertt  of  an  animal  body,  from  which 
the  fource  and  materials  of  all  mufcular  mo¬ 
tion  muft  be  derived,  is  probably  fome  modifi¬ 
cation  of  phlogifton.  Nothing  will  nourifti 
that  does  not  contain  phlogifton,  and  probably 
in  fuch  a  ftate  as  to  be  eafily  feparated  from  it 
by  the  animal  fundlions. 

That  the  fource  of  mufcular  motion  is  phlo¬ 
gifton  is  ftill  more  probable,  from  the  confidera- 
tion  of  the  well  known  effedls  of  vinous  and 

fpirituous 
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fpirltuous  liquors,  which  confiil  very  much  of 
,  phlogifton,  and  which  inllantly  brace  and 
ftrengthen  the  whole  nervous  and  mufcular 
fyflem  ;  the  phlogifton  in  this  cafe  being,  per« 
haps,  more  eafily  extricated,  and  by  a  lefs 
tedious  animal  procefs,  than  in  the  ufual  me¬ 
thod  of  extradiing  it  from  mild  aliments. 
Since,  however,  the  mildeft  aliments  do  the 
fame  thing  more  ftowly  and  permanently,  that 
fpirituous  liquors  do  fuddenly  and  tranfiently, 
it  feems  probable  that  their  operation  is  ulti¬ 
mately  the  fame. 

This  conjedlure  is  likcwife  favoured  by  my 
obfervation,  that  refpiration  and  putrefadion  af- 
fed  common  air  in  the  fame  manner,  and  in 
the  fame  manner  in  which  all  other  procefles 
diminilh  air  and  make  it  noxious,  and  which 
agree  in  nothing  but  the  emiflion  of  phlogifton. 
If  this  be  the  cafe,  it  fliould  feem  that  the 
phlogifton  which  we  take  in  with  our  aliment, 
after  having  difeharged  its  proper  fundion  in 
the  animal  fyftem  (by  which  it  probably  under-. 
goes  fome  unknown  alteration)  is  difeharged  as 
effete  by  the  lungs  into  the  great  common  men- 
Jlruum,  the  atmofphere. 

My  conjedure  fuggefted  (whether  fupported 
or  not)  by  thefc  fads,  is,  that  animals  have  a 
power  of  converting  phlogifton,  from  the  ftate 

T  3  in 
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in  which  they  receive  it  In  their  nutriment,  int.^ 

that  ftate  in  which  it  is  called  the  eiedtrical 

! 

fluid ;  that  the  brain,  befldes  its  other  proper 
ufes,  is  the  great  laboratory  and  repofitory  for 
this  purpofe  ;  that  by  means  of  the  nerves  this 
great  principle,  thus  exalted,  is  diredted  into 
the  mufcles,  and  forces  them  to  atl,  in  the 
fame  manner  as  they  are  forced  into  adlion 
when  the  eledtric  fluid  is  thrown  into  them  ah 
extra, 

f 

I  farther  fuppofe,  that  the  generality  of  ani¬ 
mals  have  no  powxr  of  throwing  this  gene¬ 
rated  cledlricity  any  farther  than  the  'limits  of 
their  own  fyflem  ;  but  that  the  torpedo^  and 
animals  of  a  flmilar  conftrudtion,  have  like- 
wife  the  power,  by  means  of  an  additional  ap¬ 
paratus,  of  throwing  it  farther,  fo  as  to  affedl 
other  animals,  and  other  fubflances  at  a  diflance 
from  them. 

In  this  cafe,  it  fhould  feem  that  the  eledtric 
matter  difcharged  from  the  animal  fyflem  (by 
which  it  is  probably  more  exhaufled  and  fa¬ 
tigued  than  by  ordinary  mufcular  motion)  would 
never  return  to  it,  at  leafl  fo  as  to  be  capable 
of  being  made  ufe  of  a  fecond  time,  and  yet 

if  the  flriidture  of  thefe  animals  be  fuch 

\ 

as  that  the  eledlric  matter  fliall  dart  from 
one  part  of  them  only,  while  another  part 
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is  left  fuddenly  deprived  of  it,  it  may  make  a 
circuit,  as  in  the  Leyden  phial. 

As  to  the  manner  in  which  the  ele(f\:ric  matter 
makes  a  mufcle  contradl,  I  do  not  pretend  to- 
have  any  conjedture  worth  mentioning.  I 
only  imagine  that  whatever  can  make  the  muf- 
cular  fibres  recede  from  one  another  farther  than 
the  parts  of  which  they  confifl,  muft  have  this 
efFedt. 

Poffibly,  the  light  which  is  faid  to  proceed 
from  fomc  animals,  as  from  cats  and  wild 
beads,  when  they  arc  in  purfuit  of  their  prey 
in  the  night,  may  not  only  arife,  as  it  has 
hitherto  been  fuppofed  to  do,  from  the  fridtion 

of  their  hairs  or  bridles,  &c.  but  that  violent 

/ 

mufcular  exertion  may  contribute  to  it.  This 
may  aflid  them  occafionaily  to  catch  their 
prey ;  as  glow-worms,  and  other  infects,  are 
provided  with  a  condant  light  for  that  purpofe, 
to  the  fupply  of  which  light  their  nutriment 
may  alfo  contribute. 

I  would  not  even  fay  that  the  light  which 
is  faid  to  have  proceeded  from  fome  human 
bodies,  of  a  particular  temperament,  and  efpe- 
cially  on  fome  extraordinary  occafions,  may 
not  have  been  of  the  elcdlrical  kind,  that  is, 

produced  independently  of  fridtion,  or  with  lefs 

T  4  fridlion 
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fri6tion  than  would  have  produced  it  in  other 
perfons  ;  as  in  thofe  cafes  related  by  Bartholin 
in  his  treatice  De  luce  animalium.  See  particu¬ 
larly  what  he  fays  concerning  Theodore  king  of 
the  Goths,  p.  54,  concerning  Gonzaga  duke  of 
Mantua,  p.  57,  and  Gothofred  Antonins,  p. 

1 23.  But  I  would  not  have  my  readers  fuppofe 
that  I  lay  much  ftrefs  upon  ftories  no  better 
authenticated  than  thefc, 

i  .  "  '  * 

I  ' 

r 

The  eledlric  matter  in  pafTing  through  non¬ 
conducting  fubftances  always  emits  light.  This 
light  I  have  been  fometimes  inclined  to  fufpedt 
might  have  been  fuppiied  from  the  fubflance 
through  which  it  paffes.  But  I  find  that  after 
the  eleCfric  fpark  has  dimini  (bed  a  quantity  of 
air  as  much  as  it  poffibly  can,  fo  that  it  has 
no  more  vifible  effedf  upon  it,  the  eledtric  light 
in  that  air  is  not  at  all  lefTened.  It  is  proba¬ 
ble,  therefore,  that  eledric  light  comes  from 
the  eledric  matter  itfelf ;  and  this  being  a  mo¬ 
dification  of  phlogifton,  it  is  probable  that  all 
light  is  a  modification  of  phlogifton  alfo.  Indeed,  • 
ftnee  no  other  fubftances  befidcs  fuch  as  contain 

,  1 

phlogifton  are  capable  of  ignition,  and  confe- 
quently  of  becoming  luminous,  it  was  on  this 
account  pretty  evident,  prior  to  thefe  deduc¬ 
tions  from  dedrical  phenomena,  that  light  and 
phlogifton  are  the  fame  thing,  in  different 
forms  or  ftates, 

I  •  » 

It 

I  ! 
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It  appears  to  me  that  heat  has  no  more  pro¬ 
per  connexion  with  phlogifton'than  it  has  with 
water,  or  any  other*  conftituent  part  of  bodies ; 
but  that  it  is  a  ftate  into  which  the  parts  .of 
bodies  are  thrown  by  their  adfion  and  readion 
with  refped  to  one  another ;  and  probably  (as  the 
Englifh  philofpphers  in  general  have  fuppofed) 
the  heated  ftate  of  bodies  may  conhft  of  a  fub- 
tle  vibratory  motion  of  their  parts.  Since  the 
particles  which  conftitute  light  are  thrown 
from  luminous  bodies  with  fuch  amazing  ve¬ 
locity,  it  is  evident. that,  whatever  be  the  caufe 
of  fuch  a  projedion,  the  readion  confequent 
upon  it  muft  be  confiderable.  This  may  be 
fufficient  not  only  to  keep  up,  but  alfo  to  in- 
■  creafe  the  vibration  of  the  parts  of  thofe  bo¬ 
dies  in  w  hich  the  phlogifton  is  not  very  firmly 
combined  ;  and  the  difference  between  the  fub- 
flances  which  are  called  injlammable  and  others 
which  alfo  contain  phlogifton  may  be  this,  that 
in  the  former  the  heat,  or  the  vibration  occa- 
fioned  by  the  emiffion  of  their  own  phlogifton, 
may  be  fufficient  to  occafion  the  emiftion  of 
more,  till  the  whole  be  exhaufted  ;  that  is,  till 
the  body  be  reduced  to  afhes.  Whereas  in  bo¬ 
dies  which  are  not  inflammable,  the  heat  occa- 
fioned  by  the  emiflion  of  their  own  phlogifton 
may  not  be  fufficient  for  this  purpofe,  but  an 
additional  heat  ab  extra  may  be  neceffary. 
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Some  phllofophers  diilike  the  term  phlogijlon ; 
but,  for  my  part,  I  can  fee  no  objedtion  to 
giving  that,  or  any  other  name,  to  a  real  fome- 
thing,,  the  prefence  or  abfence  of  which  makes 
fo  remarkable  difference  in  bodies,  as  that  of 
metallic  calces  and  meialsy  oil  of  vitriol  znd  hrim^ 
fione,  he.  and  which  may  be  transferred  from 
one  fubftance  to  another,  according  to  certain 
known  laws,  that  is,  in  certain  definite  circum- 
llances.  It  is  certainly  hard  to  conceive  how 
any  thing  that  anfwers  this  defeription  can  be 
only  a  mere  quality,,  or  mode  of  bodies,  and 
not  a  fubjlance  itfelf,  though  incapable  of  being 
exhibited  alone.  At  lealt,  there  can  be  no 
harm  in  giving  this  name  to  any  thing,,  or  any 
circumfiance  that  is  capable  of  producing  thefe 
effedls.  If  it  fhould  hereafter  appear  not  to  be 
a  fubftance,  we  may  change  our  phrafeology, 
if  we  think  proper. 

On  the  other  hand  I  diflike  the  ufe  of  the 
term  fire^  as  a  conftituent  principle  of  natural 
bodies,  becaufe,  in  confequence  of  the  ufe 
that  has  generally  been  made  of  that  term,  it 
includes  another  thing  or  circumfiance,  viz. 
heat,  and  thereby  becomes  ambiguous,  and  is 
in  danger  of  mifleading  us.  When  I  ufe  the 
term  phlogifton,  as  a  principle  in  the  conftitu- 
tion  of  bodies,  I  cannot  miflead  myfelf  or 
others,  becaufe  I  ufe  one  and  the  fame  term  tq 
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denote  only  one  and  the  fame  iinknozvn  caufe 
of  certain  well-known  effeds.  But  if  I  fiy 
that  fire  is  a  principle  in  the  conftitution  of 
bodies,  I  muft,  at  lead,  embarrafs  myfelf  with 
the  diitindion  of  fire  in  a  ftate  of  aUion^  and 
Jire  inactive,  or  quiefcent.  Befides  I  think  the 
term  phlogillon  preferable  to  that  of  fire,  be- 
caufe  it  is  not  in  common  nfe,  but  confined  to 
philofophy  ;  fo  that  the  ufe  of  it  may  be  more 
accurately  afcertaincd. 

•  \ 

Befides,  if  phlogifton  and  the  eledric  matter 
be  the  fame  thing,  though  it  cannot  be  exhi¬ 
bited  alone,  in  a  quiefcent  fi.atey  it  may  be  ex¬ 
hibited  alone  under  one  of  its  modifications, 
when  it  is  in  motion.  And  if  light  be  alfo  phlo¬ 
gifton,  or  fome  modification  or  fubdivifion  of 
phlogifton,  the  fame  thing  is  capable  of  being 
exhibited  alone  in  this  other  form  alfo. 

In  my  paper  on  the  conducing  power  of  char-- 
coal,  (See  Philofophical  Tranfadions,  vol.  60. 
p.  221)  I  obferved  that  there  is  a  remarkable 
refemblance  between  metals  and  charcoal  *,  as 
in  both  thefe  fubftances  there  is  an  intimate 
union  of  phlogifton  with  an  earthy  bafe ;  and 
I  fa  id  that,  had  there  been  any  phlogifton  in 
water,  I  fliould  have  concluded,  that  there  had 
been  no  conduding  power  in  nature,  but  in 
confequence  of  an  union  of  this  principle  with 

fome 
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fome  bafe ;  for  while  metals  have  phlogiftou 
they  condudl  eledlricity^  but  when  they  are  de¬ 
prived  of  it  they  condud:  no  longer.  Now  the 
affinity  which  I  have  obferved  between  phlo- 
gifton  and  water  leads  me  to  conclude  that  wa¬ 
ter,  in  its  natural  ftate,  does  contain  fome  por¬ 
tion  of  phlogifton  ;  and  according  to  the  hypo- 
thcfis  juft  now  mentioned  they  muft  be  inti¬ 
mately  united,  becaufe  water  is  not  inflamma¬ 
ble. 

I  think,  therefore,  that  after  this  ftate  of 
hefitation  and  fufpence,  I  may  venture  to  lay 
It  down  as  a'  charaderiftic  diftindion  between 
Conduding  and  non-conduding  fubftances,  that 
the  former  contain  phlogifton  intimately  united 
with  fome  bafe,  and  that  the  latter,  if  they  con¬ 
tain  phlogifton  at  all,  retain  it  more  loofely.  In  ' 
what  manner  this  circumftance  facilitates  the 
paffing  of  the  eledric  matter  through  one  fub- 
ftance,  and  obftruds  its  paftage  through  an¬ 
other,  Ido  not  pretend  to  fay.  But  it  is  no  incon- 
fiderable  thing  to  have  advanced  but  one  Jlep 
nearer  to  an  explanation  of  fo  very  capital  a 
diftindion  of  natural  bodies,  as  that  into  con- 
diidors  and  non-condudors  of  eledricity. 

I  beg  leave  to  mention  in  this  place,  as  fa¬ 
vourable  to  this  hypothefls,  a  moft  curious  dif- 
covery  made  very  lately  by  Mr.  Walffi,  who 
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being  afliftcd  by  Mr.  De  Luc  to  make  a  more 
perfect  Vacuum  in  the  double  or  arched  baro¬ 
meter,  by  boiling  the  quickfilver  in  the  tube, 
found  that  the  eledtric  fpark  or  fhock  v/ould 
no  more  pafs  through  it,  than  through  a  ftick 
of  folid  glafs.  He  has  alfo  noted  feveral  cir- 
curn dances  that  affedb  this  vacuum  in  a  very 
extraordinary  manner.  But  fuppofing  that  va¬ 
cuum  to  be  perfedt,  I  do  not  fee  how  we  can 
avoid  inferring  from  the  fact,  that  fome  fub- 
fiance  is  neceffary  to  condudt  eledtricity  ;  and 
that  it  is  not  capable,  by  its  own  cxpanfive 
power,  of  extending  itfelf  into  fpaces  void  of 
all  matter,  as  has  generally  been  fuppofed,  on 
the  idea  of  there  being  nodiing  to  obftrudl  its 
paflage. 

Indeed  if  this  was  the  cafe,  I  do  not  fee  how' 
the  eledlric  matter  could  be  retained  within- the 
body  of  the  earth,  or  any  of  the  planets,  or 
folid  orbs  of  any  kind.  In  nature  we  fee  it  make 
the  moft  fplendid  appearance  in  the  upper  and 
thinner  regions  of  the  atmofphere,  juft  as  it 
docs  in  a  glafs  tube  nearly  exhaufted  ;  but  if 
it  could  expand  itfelf  beyond  that  degree  of  ra¬ 
rity,  it  would  neceifarily  be  diffufed  into  the 
furrounding  vacuum,  and  continue  and  be  con- 
denfed  there,  at  lead  in  a  greater  proportion 
than  in  or  near  any  folid  body,  as  Newton  fup¬ 
pofed  concerning  his  ether. 


If 


286  ^eries^  Speculations ^  and  Hints: 

If  that  mode  of  vibration  which  conftitutes" 
heat  be  the  means  of  converting  phlogiftoh 
from  that  Hate  in  which  it  makes  a  part  of  fo- 
lid  bodies,  and  eminently  contributes  to  the 
firmnefs  of  their  texture  into  that  ilate  in  which' 
it  diminifhes  common  air  ;  may  not  that  pecu¬ 
liar  kind  of  vibration  by  which  Dr.  Hartley 
fuppofes  the  brain  to  be  affedled,  and  by  which 
he  endeavours  to  explain  all  the  phenomena  of 
fenfation,  ideas,  and  mufcular  motion,  be  the 
means  by  which  the  phlogifton,  which  is  con¬ 
veyed  into  the  fyftem  by  nutriment,  is  convert¬ 
ed  into  that  form  or  modification  of  it  of  which 
the  eledlric  fluid  confifts. 

Thefe  two  fliates  of  phlogiflon  may  be  con¬ 
ceived  to  refemble,  in  fome  meafure,  the  two' 
flates'of  fixed  air,  viz.  elaftic,  or  non-el aflic 
»  folid,  or  a  fluid. 
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A  P  PEND  IX, 

IN  this  Appendix  I  fhall  prefent  the  teader 
with  the  communications  of  Several  of  my 
friends  on  the  fubjed:  of  the  preceding  work. 
Among  them  I  Ihould  with  plcafure  have  in* 
ferted  fome  curious  experiments,  made  by.  Dr. 
Hulme  of  Halifax,  on  the  air  extraded  from 
Buxton  water,  and  on  the  impregnation  of  feve- 
^  ral  fluids,  with  different  kinds  of  air ;  but  that 

•  I'M 

he  informs  me  he  propofes  to  make  a  feparat# 
publication  on  the  fubjed,^ 
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NUMBER  I. 

*  «« 

Experiments  made  hy  Mr.  Hey  to  prove  that 
there  is  Oil  0/ Vitriol  in  water  impreg- 
rated  with  Fixed  Air,  . 

* 

I 

It  having  been  fuggefted,  that  air  arihng  from  a 
fermenting  mixture  of  chalk  and  oil  of  vitriol  might 
carry  up  with  it  a  fmall  portion  of  the  vitriolic  acid, 
rendered  volatile  by  the  a£l:  of  fermefitation  ;  I  made 
the  following  experiments,  'in  order'  to  difcove^' 
whether  the, acidulous  talle,  which  water  impreg¬ 
nated  with  fuch  air  affords,  was  owing  to  the  pre- 
fence  of  any  acid,  or  only  to  the  fixed  air  it  had 
abforbed. 

c  *  *  V 

•  ■  i 

'  ‘  ;  Experiment  I.  • 

I  mixed  a  tea-fpoonful  of  fyrup  of  violets  with 
an  ounce  of  didilled  water,  faturated  with  fixed  air 
procured  from  chalk  by  means  of  the  vitriolic  acidj' 
but  neither  upon  the  firft  mixture,  nor  after  {land¬ 
ing  24  hours,  was  the  colour  of  the  fyrup  at  all 

changed, 'except  by  its  fimple  dilution. 

( 

Experiment  II. 

/ 

A  portion  of  the  fame  diftilled  water,  unimpreg¬ 
nated  with  fixed  air,  was  mixed  with  the  fyrup  in 
the  fame  proportion  :  not  the  leafl  difference  in 
colour  could  be  perceived  betwixt  this  and  the 
above-mentioned  mixture. 

Expe- 
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Experiment  IIL 

One  drop  of  oil  of  vitriol  being  mix^  tvitb  a  pint 
of  the  fame  diflilled  water,  aih  ounce  of  this  water 
was  mixed  with  a  tea-fpoon'ful  of  the  fyrup.  This 
mixture  was  very  diftinguirtiable  in  colour  from  the 
two  former^  having  a  ptirplifh  caft,  whifch  the  othcri 
tvanted; 

ExPERiiiENT  iV; 

The  diflllled  water  impregnated  with  fo  fmall  a 
quantity  of  vitriolic  acid^  having  a  fnore  agreeablei 
tafle  than  when  alone,  and  yet  manifefling  the  pre¬ 
fence  of  an  acid  by  iheans  of  the  fyrup  of  violets ;  I 
fubje£led  it  to  fome  other  tells  of  aeidity.  It  formed 
curds  when  agitated  with  foap,  lathered  with  difficul¬ 
ty,  and  very  imperfe6lly  ;  but  not  the  leaft  ebuilitioit 
could  be  difcovered  upon'  dropping  in  fpirit  of  fal  am¬ 
moniac,  or  folution  of  fait  of  tartar,  though  I  had 
taken  care  to  render  the  latter  free  from  caufticity  by 
impregnating  it  with  fixed  air. 

Experiment  Y. 

The  dillilled  water  faturated  with  fixed  air  neither 
tffervefced,  nor  (hewed  any  clouds^  when  mixed  with 
the  fixed  or  Volatile  alkali. 

'  Experiment  Vl< 

No  curd  was  formed  by' pouring  this  water  upon 
ah  equal  quantity  of  milk,  and  boiling  them  toge* 
irher. 


Expe^ 
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Experiment  VIL 

When  agitated  with  foap,  this  water  produced 
curds,  and  lathered  with  fome  difficulty  ;  but  not  fo 
much  as  the  difiilled  water  mixed  with  vitriolic  acid 
in  the  very  fraall  proportion  above-mentioned.  The 
fame  difti-Ued  water  without  any  impregnation  of  fixed 
air  latbered  with  foap  without  the  leafl:  previous  curd¬ 
ling,  River-water,  and  a  pleafant  pump-water  not 
remarkably  hard,  were  compared  with  thefe.  The 
former  produced  curds  before  it  lathered,  but  not 
quite  in  fo  great  a  quantity  as  the  diftilled  water  im¬ 
pregnated  with  fixed  air:'  the  latter  caufed  a  ftronger 
curd  than  any  of  the  others  above-mentioned. 

Experiment  VIII. 

Apprehending  that  the  fixed  air  in  the  difiilled  wa¬ 
ter  occafioned  the  coagulation,  or  reparation  of  the 
oily  part  of  the  foap,  only  by  deftroying  the  caufli- 
city  of  the  lixivium^  and  thereby  rendering  the  union 
lefs  perfe£l  betwixt  that  and  the  tallow,  and  not  by 
the  prefence  of  any  acid;  I  impregnated  a  frefh  quan¬ 
tity  of  the  fame  difiilled  water  with  fixed  air,  which 
had  pafled  through  half  a  yard  of  a  wide  barometer- 
tube  filled  with  fait  of  tartar  ;  but  this  water  caufed 
the  fame  curdling  with  foap  as  the  former  had  done, 
and  appeared  in  every  refped  to  be  exa^lly  the  fame. 


Expe- 
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i  Experiment  IX.  ' 

Diflilled  water  faturated  with  fixed  air  formed  & 
\Vhite  cloud  and  precipitation,  upon  being  mixed  with 
a  folution  of faccharumfaiurm*"!  found  likewife,  that 
fixed  air,  after  paffing  through  the  tube  filled'  with 
alkaline  fait,  upon  being  let  into  a  phial  containing  a- 
folution  of  the  metalic  fait  in  diflilled  water,  caufed 
a  perfect  feparation  of  the  lead,  in  the  form  of 
White  powder;  for  the  water,  after  this  precipitation, 
fnevved  no  cloudinefs  upon  a  frefh  mixture  of  the 
fubllances  which  had  before  rendered  it  opaque. 


/ 
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J!  Letter  frojit  Mr.  Hey  to  Dr.- PRiestley,  concerning^ 
the  Effeiis  of  fixed  Air  applied  hy  way  of  Clyfier, 

< 

,  .  Deeds,  Feb.  15th,  177^# 

Reverend  Sir,- 

Having  lately  experienced  the  good  eire£fs  of  fixed 
air  in  a  putrid  fever,  applied  in  a  manner,  I  believe 
not  heretofore  madeufe  of,  I  thought  it  proper  to  in¬ 
form  you  of  the  agreeable  event,  as  the  method  of 
applying  this  powerful  eorreftor  of  putrefaction  took 
its  rife  principally  from  your  obfervations  and  experi¬ 
ments  on  factitious  air and  now,  at  your  requeft, 
I  fend  the  particulars  of  the  cafe  I  mentioned  to  you, 
as  far  as  concerns  the  adminillration  of  this  re^ 
medy. 

% 

January  8,  17*7  2,-  Mr.- Li'ghtbowne,  a  younggen-r 
tleman  who  lives  with  me,-  was  feized  with  a  fever, 
which,  after  continuing  about  ten  days,  began  to-be' 
attended  with  thofe  fymptoms*  that  indicate  a  putrefy 
cent  date  of  the  fluids. 

I 

1 8th,  His  tongue  was  black  in  the  morning  whea' 

I  hrft  vilitcd  him,  but  the  blacknefs  went  off  in  the 
day-time  upon  drinking:- He  had  begun  to  doze'much 
the  preceding  day,  and  now  he  took  little  notice  of 
thofe  that  were  about  him:  His  belly  was  loofe,  andi- 
had  beenfo  for  fome  days:'  his  pdlfe  beat  1 10  flrokes 
in  a  minute,  and  was  rather. low:  he  was  ordered  to 
take  twenty-five  grains  of  Peruvian  bark  with  five  of 
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tormentil-root  in  powder  every  four  hours,  and  to 
ufe  red  wine  and  water  cold  as  his  common  drink. 

19th,  I  was  called  to  vifit  him  early  in  the  morn¬ 
ing,  on  account  of  a  bleeding  at  the  nofe  which  had 
come  on:  he  loft  about  eight  ounces  of  blood,  which 
was  of  a  loofe  texture:  the  haemorrhage  was  fup- 
prefled,  though  not  without  fome  difficulty,  by 
means  of  tents  made  of  foft  lint,  dipped  in  cold  wa¬ 
ter  ftrongly  impregnated  with  tinfture  of  iron,  which 
were  introduced  within  the  noftrils  quite  through  to 
their  pofterior  apertures  ;  a  method  which  has  never 
yet  failed  me  in  like  cafes.  His  tongue  was  now 
covered  with  a  thick  black  peliicle,  which  was  not  di- 
miniflied  by  drinking;  his  teeth  were  furred  with  the 
fame  kind  of  fordid  matter,  and  even  the  roof  of  his 
mouth  and  fauces  were  not  free  from  it:  his  loofenefs 
and  ftupor  continued,  and  he  was  almoft  inceflTantly 
muttering  to  himfelf :  he  took  this  day  a  fcruple  of 
the  Peruvian  bark  with  ten  grains  of  tormentil  every 
two  or  three  hours ;  a  ftarch  clyfter,  containing  a 
drachm  of  the  compound  powder  of  bole,  without 
opium,  was  given  morning  and  evening:  a  window 
was  fet  open  in  his  room,  though  it  was  a  fevere 
froft,  and  the  floor  was  frequently  fprinkled  with 
vinegar. 

20th,  He  continued  nearly  in  the  fame  ftate ;  when 
roufed  from  his  dozing,  he  generally  gave  a  fenflble 
anfwer  to  the  queftions  afked  him;  but  he  immediate¬ 
ly  relapfed,  and  repeated  his  muttering.  His  Ikin  was 
dry,  and  harfh,  but  without  petechia.  He  fometimes 
voided  his  urine  and  faces  into  the  bed,  but  generally 
had  fenfe  enough  to  alk  for  the  bed-pan :  as  he  now 

U  3  naufeated 
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naufeated  the  bark  in  fubftance,  it  was  exchanged  for 
Huxham’s  tindlure,  of  which  he  took  a  table  fpoon- 
ful  every  two  hours  in  a  cup  full  of  cold  water :  he 
drank  fometimes  a  little  of  the  tipdlure  of  rofes,  but 
his  common  liquors  were  red  wine  and  water,  or  ricer 
water  and  brandy  acidulated  with  elixir  of  vitriol : 
before  drinking,  he  was  commonly  requefted  tprinfe 
his  mouth  with  vyater  to  which  a  little  honey  and  vine¬ 
gar  had  been  added.  His  loofenels  rather  increafed, 
and  the  flools  were  watery,  black,  and  foetid  :  It  was 
judged  neceffary  to  moderate  this  difcharge^  which 
feemed  to  link  him,  by  mixing^a  drachm  of  the  thc^ 
riaca  Andrornachi  with  each  clyfter. 

2ill.  The  fame  putrid  fymptoms  remained,  and  a 
fuhfultus  tendinum  came  on:  his  llools  were  more  foetid; 
and  fo  hot,  that  the  nurfe  alTured  me  Ihe  could  not  ap¬ 
ply  her  hand  to  the  bed-pan,  immediately  after  they 
were  difcharged,  without  feeling  pain  on  this  ac¬ 
count  :  The  medicine  and  clylters  were  repeated. 

Refiedling  upon  the  difagrecable  necellity  we  feemed 
to  lie  under  of  confining  this  putrid  matter  in  the  in- 
teftines,  left  the  evacuation  fhould  dellroy  the  vis  vita 
before  there  was  time  to  correct  its  bad  quality,  and. 
overcorne  its  bad  effefts,  by  the  means  we  were  ufing; 
I  confidered,  that,  if  this  putrid  ferment  could  be 
more  immediately  correfted,  a  flop  would  probably 
be  put  to  the  flux,  which  feerned  to  arife  from,  or  at 
leaft  to  be  encreafed  by  it ;  and  the  fo?nes  of  the  dif- 
eafe  would  likevvife  be  in  a  great  meafure  removed.  I 
]Lhought  nothing  was  fo  likely  to  elFe£l  this,  as  the  in- 
trodu£fion  of  fixed  air  into  the  alimentary  canal, 
which,  from  the  experiments  of  Dr.  Macbride,  and 

thofc 
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'  tliofeyou  have  made  fince  his  publication,  appears  to 
■be  the  moil  powerful  corredlor  of  putrefa£lion  hither¬ 
to  kn.own.  I  recollefted  what  you  had  recommended 
to  me  as  deferving  to  be  tried  in  putrid  difeafes,  I 
mean,  the  inje£lion  of  this  kind  of  air  by  way  of 
clyfter,  and  judged  that  in  the  prefent  cafe  fuch  a  me¬ 
thod  was  clearly  indicated* 

The  next  morning  I  mentioned  my  reflexions  to 
Dr.  Hird  and  Dr.  Crowther,  who  kindly  attended 
this  young  gentleman  at  my  requeft,  and  propofed 
the  following  method  of  treatment,  which,  wdth 
their  approbation,  was  immediately  entered  upon* 
We  hrft  gave  him  five  grains  of  ipecacuanha,  to  eva¬ 
cuate  in  the  moH  eafy  manner  part  of  the  putrid  coU 
luvies  :  he  was  then  allowed  to  drink  freely  of  brifk 
orange-wine,  which  contained  a  good  deal  of  fixed 
air,  yet  had  not  loft  its  fweetnefs.  The  tinXure  of 
bark  was  continued  as  before ;  and  the  water  which 
he  drank  along  with  it,  was  impregnated  wdth  fixed 
air  from  the  atmofphere  of  a  large  vat  of  fermenting 
wort,  in  the  manner  I  had  learned  from  you.  Inftead 
of  the  aftringent  clyfter,  air  alone  was  injeXed,  col- 
leXed  from  a  fermenting  mixture  of  chalk  and  oil  of 
vitriol :  he  drank  a  bottle  of  orange-wine  in  the  courfe 
of  this  day,  but  refufed  any  other  liquor  except  wa¬ 
ter  and  his  medicine  :  two  bladders  full  of  air  were 
thrown  up  in  the  afternoon. 

23d.  His  ftools  were'lefs  frequent ;  their  heat  llke- 
wife  and  peculiar  factor  were  conliderably  dirniniflied  ; 
his  muttering  was  much  abated,  and  the  fuhfdtus  tefi- 
diiium  had  left  him.  Finding  that  part  of  the  air  was 
rejeXed  when  given  with  a  bladder  in  the  ufual  way,  I 

U  4  con- 
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•contrived  a  method  of  inje6^ing  it  which  was  not  fo  li¬ 
able  to  this  inconvenience.  I  took  the  flexible  tube  of 
that  inftrument  which  isufed  for  throwing  up  the  fumq 
of  tobacco,  and  tied  a  fmall  bladder  to  the  end  of  it 
that  is  connefted  with  the  box  made  for  receiving  the 
tobacco,  which  I  had  previoufly  taken  off  from  the 
tube':  I  then  put  fome  bits  of  chalk  into  a  fix 
punce  phial  until  it  was  half  filled ;  upon  thefe  X 
poured  fuch  a  quantity  of  oil  of  vitriol  as  I  thought 
capable  of  faturating  the  chalk,  and  immediately  tied 
'  the  bladder^  which  I  had  fixed  to  the  tube,  round  the 
neck  of  the  phial ;  the  clyfler-pipe,  which  was  faf- 
tcned  to  the  other  end  of  the  tube,  was  introduced  in¬ 
to  the  iinus  before  the  oil  of  yitripl  was  poured  upon 
the  chalk.  By  this  method  the  air  paflcd  gradually 
into  the  inteflines  as  it  was  generated ;  the  rejection 
pf  it  was  in  a  great  meafure  prevented  ;  and  the  in¬ 
convenience  of  keeping  the  patient  uncovered  during 
the  operation  was  avoided. 

a4.th.  He  was  fo  much  better,  that  there  feemed 
to  be  no  necellity  for  repeating  the  clyflcrs ;  the  o- 
thcr  means  were  continued.  The  window  of  hi§ 
room  now  kept  (hut. 

*  N 

t 

25tb,  All  the  fymptoms  pf  putrefccncy  had  left 
him ;  his  tongue  ^nd  teeth  were  clean;  there  remained 
no  unnatural  blacknefs  ox.  fosior  in  his  flools,  which 
had  now  regained  their  proper  confiflence ;  his  dozing 
and  muttering  were  gone  off ;  and  the  difagreeable 
pdour  of  his  breath  and  perfpiration  was  no  longer 
perceived.  He  tppk  npurifhment  to-day,  with  plea- 

fure ; 

■  i 
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fure;  and,  in  the  afternoon^  fat  up  an  hour  in  his 
chair. 

His  fever,  however,  did  not  immediately  leave  him  ; 
but  this  we  attributed  to  his  having  caught  cold  from 
being  incautioufly  uncovered,  when  the  window  was 
'  open,  and  the  weather  extremely  fevere  ;  for  a  cough, 
which  had  troubled  him  in  fome  degree  from  the  be¬ 
ginning,  increafed,  and  he  became  likewife  very  hoarfe 
for  feveraldays,  his  pulfe,  at  the  fame  time,  growing 
quicker:  but  thefe  complaints  alfo  went  off,  and  he 
recovered,  without  any  return  of  the  bad  fymptoms 
above-mentioned. 

K.  I  ■/ 

I  am.  Reverend  Sir, 

your  obliged  humble  Servant, 

Wm.  Hev. 

P  O  S  T  C  R  I  P  T. 


October  29,  1772. 

Fevers  of  the  putrid  kind  have  been  fo  rare  in  this 
town,  and  inks  neighbourhood,  fince  the  commence¬ 
ment  of  the  prefent  year,  that  I  have  not  had  an  op¬ 
portunity  of  trying  again  the  efieds  of  fixed  air,  given 
by  way  of  clyfter,  in  any  cafe  exactly  fimilar  to  Mr.. 
Lightbowne’s.  1  have  twice  given  water  faturated  with 
fixed  air  in  a  fever  of  the  putrefcent  kind,  and  it 
agreed  very  well  with  the  patients.  To  one  of  them 
the  aerial  clyflcrs  tverc  admiHifued,  on  account  of  a 

loofe* 
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loofenefs,  which  attended  the  fever,  though  the  llools 
were  not  black,  nor  remarkably  hot  or  foetid, 

Thefe  clyfters  did  not  remove  the  loofenefs,  though 
there  was  often  a  greater  interval  than  ufual  betwixt 
the  evacuations,  after  the  injection  of  them.  The 
patient  never  complained  of  any  uneafy  dilfention  of 
the  belly  from  the  air  thrown  up,  which,  indeed,  is 
not  to  be  wondered  at,  conlldering  how  readily  this 
kind  of  air  is  abforbed  by  aqueous  and  other  fluids,  for 
which  fufficient  time  was  given,  by  the  gradual  man¬ 
ner  of  injecting  it.  Both  thofe  patients  recovered 
though  the  ufe  of  fixed  air  did  not  produce  a  crifis  be¬ 
fore  the  period  at  which  fuch  fevers  ufually  terminate. 
They  had  neither  of  them  the  opportunity  of  drinking 
fuch  wine  as  Mr.  Lightbowne  took,  after  the  ufe  of 
fixed  air  was  entered  upon ;  and  this,  probably,  was 
fome  difadvantage  to  them. 

I  find  the  methods  of  procuring  fixed  air,  and  im¬ 
pregnating  water  with  it,  which  you  have  publifhed, 
are  preferable  to  thofe  I  made  ufe  of  in  Mr.  Light¬ 
bowne’ s  cafe. 

t 

The  flexible  tube  ufed  for  conveying  the  fume  of 
‘  tobacco  into  the  inteflines,  I  find  to  be  a  very  conve¬ 
nient  inftrument  in  this  cafe,  by  the  method  before- 
mentioned  (only  adding  water  to  the  chalk,  before  the 
oil  of  vitriol  is  inftilled,  as  you  dired)  the  injedion 
of  air  may  be  continued  at  pleafure,  without  any  other 
inconvenience  to  the  patient,  than  what  may  arife 
from  his  continuing  in  one  pofition  during  the  opera¬ 
tion,  which  fcarcely  deferves  to  be  mentioned,  or 

from 
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from  the  continuance  of  the  clyfter-pipe  within  the 
anus,  which  is  but  trilling,  il  it  be  not  lhaken  much, 
or  pufhed  againll  the  redum. 

When  I  faid  in  my  letter,  that  fixed  air  appeared  to  • 
be  the  greateft  corredor  of  putrefa£lion  hitherto 
known,'  your  philofophical  refearches  had  not  then 
made  you  acquainted  with  that  moll  remarkably  anti- 
feptic  property  of  nitrous  air.  Sincp  you  favoured  me 
with  a  view  of  fome  allonilhing  proofs  of  this,  I  have 
^conceived  hopes,  that  this  kind  of  air  may  likewife  be 
applied  medicinally  to  great  advantage. 

^  ^  w.H. 


i  ’  -  r  t!  : V 
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Obfervailons  on  the  Medicinal  Uses  of  Fixed 
Air.  By  Thomas  Percival,  M,  D,  Fellow 
of  the  Royal  Society,  and  of  the  Society 
of  Antiquaries  in  London. 

Thefc  Obfervations  on  the  Medicinal  Uses  op 
Fixed  Air  have  been  before  publifhed  in  the  Se¬ 
cond  V olume  of  my  Effays ;  but  are  here  reprinted 
tvith  confiderable  additions.  They  form  a  part  of 
'  an  experimental  inquiry  into  this  interefting  and 
curious  branch  of  Phyfics  ;  in  which  the  friend- 

Ihip  of  Dr.  Prieftley  firft  engaged  me,  in  concert 
•with  himfelf. 

Manchefter,  March  i6,  1774. 


IN  a  courfe  of  Experiments,  which  is  yet  unfinifhed, 
I  have  had  frequent  opportunities  of  obferving 
that  FIXED  AIR  may  in  no  inconfiderable  quantity  be 
breathed  without  danger  or  uneahnefs.  And  it  is  ^ 
confirmation  of  this  conclufion,  that  at  Bath,  where 
the  waters  copioufiy  exhale  this  mineral  fpirit,*^  the 
leathers  infpire  it  with  impunity-.  At  Buxton  alfo, 
where  the  Bath  is  in  a  clofe  vault,  the  effects  of  fuck 
if  noxious,  mull  certainly  be  perceived. 

*  See  Dr.  Falconer’s  rcry  tifcfui  a.id  ingenious  trcatifej  on  the  Bath 
•waterj  2c  edit.  p.  313. 

'  Encou- 
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Encouraged  by  thefe  confideratlons,  and  ftill  more 
by  the  tellirnony  of  a  veryjudiciousPhyficianat  Staf¬ 
ford,  in  favour  of  this  powerful  antifeptic  remedy,  I 
have  admiriiftered  fixed  air  in  a-confiderable  number.of 
cafes  of  the  Phthisis  Pulmo^ialis,  by  directing  my 
patients  to  ihfpire  the  fleams  of  an  efFervefcing  mixture 
of  chalk  and  vinegar  ;  or  what  I  have  lately  preferredy 
of  vinegar  and  potaflv.  The  heftic  fever  has  in  feve- 
ral  inftanees  been  confiderably  abated,  and  the  matter 
expe6lorated  has  become  lefs  ofFenlive,  and  better  di-^ 
gelled.  I  have  not  yet  been  fo  fortunate  in  any  one 
cafe,  as  to  effe£l  a  cute ;  although  the-  ufe  of  me-^ 
phitic  air  has  been  accompanied  with  proper  internal 
medicines.  But  Dr.  Withering,  the  gentleman  re¬ 
ferred  to  above,  informs  me,  that  he  has  been  more 
fuccefsful.  One  Phthifical  patient  under  his  care  has 
by  a  limilar  courfe  intirely  recovered ;  another  was 
rendered  much  better;  and  a  third,  whofe  cafe  w^a<> 
truly  deplorable,  feemed  to  be  kept  alive  by  it  more 
than  two  months.  It  may  be  proper  to  obferve  that 
fixed  air  can  only  be  employed  with  any  profpefl  of 
fuccefs,  in  the  latter  flages  of  the  phthifts  puimonalisj, 
when  apuruknt  expectoration  takes  place.  After  the 
rupture  and  difcharge  of  a  Vomica  alfo,  fuch  a  re¬ 
medy  promifes,to  be  a  powerful  palliative.  Antifeptic 
fumigations  and  vapours  have  been- long  employed, 
and  much  extolled  in  cafes  of  this  kind.  I  made  the 
following  experiment,  to  determine  whether  their  ef¬ 
ficacy,  in  any  degree,  depends  on  the  feparation  of 
fixed  air  from  their  fubflance. 

end  of  a  bent  tube  was  fixed  in  a  phial  full  of 
lime-water;- the  other  end  in  a  bottle  of  tlie  tinClure  of 

myrrh» 


/ 
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myrrh.  The  jun6lures  were  carefolly  luted,  and  thd 
phial  containing  the  tin£lure  of  myrrh  was  placed  iri 
water,  heated  almoft  to  the  boiling  point,  by  the  lamp 
of  a  tea-kettle.  A  number  of  air-bubbles  were  fepa- 
rated,  but  probably  not  of  the  mephitic  kind,  for  na 
precipitation  enfued  in  the  lime  water.  This  experi¬ 
ment  was  repeated  with  the  tin^»  tolutancSy  ph,  ed,  and 
with  fpi  vinos^  camp,  and  the  refult  was  entirely  the 
fame.  The  medicinal  a61:ion  therefore  of  the  vapours 
raifed  from  fuch  tin£lures,  cannot  be  afcribedto  the 
extrication  of  fixed  air;  of  which,  it  is  probable  bo¬ 
dies  are  deprived  by  chemical folution  as  well  as  by 
mixture. 
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If  mephitic  air  be  thus  capable  of  corre£ling  puru¬ 
lent  matter  in  the  lungs,  we  may  reafonably  infer  it 
will  be  equally  ufeful  when  applied  externally  to  foul 
ULCERS.  And  experience  confirms  the  conclufion. 
Even  the  fanies  of  a  cancer,  when  the  carrot  poul¬ 
tice  failed,  has  been  fweetened  by  it,  the  pain  miti¬ 
gated,  and  a  better  digeftion  produced.  The  cafes 
I  refer  to  are  now  in  the  Manchefter  infirmarv,  under 
the  direftion  of  my  friend  Mr.  White,  whofe  Ikill  as 
a  furgeon,  and  abilities  as  a  writer  are  well  known  to 
the  public. 

Two  months  have  elapfed  fince  thefe  obfervationg 
were  writteh,'^'and  the  fame  remedy,during  that  period, 
has  been  afiid'uoufly  applied,  but  without  any  further 
fuccefs.  The  progrefs  of  the  cancers  feems  to  be 
checked  by  the  fixed  air  ;  but  it  is  to  be  feared  that  a 
cure  will  not  be  effected.  A  palliative  remedy,  how- 
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ever,  In  a  difeafe  fo  defperate  and  loathfome,  may  be 
Confidered  as  a  very  valuable  acquifition.  Perhaps  ni¬ 
trous  AIR  might  be  ftillmore  efficacious.  This  fpe- 

cies  of  fa£litious  air  is  obtained  from  all  the  metals 
/ 

except  zinc,  by  means  of  nitrous  acid  ;  and  Dr. 
Prieftley  informs  me,  that  as  a  fweetener  and  antifeptic 
it  far  furpaffies  fixed  air.  He  put  two  mice  into  a  quan¬ 
tity  of  it,  one  juft  killed,  the  other  ofFenliveiy  putrid.  ^ 
After  twenty -five  dtys  they  were  both  perfectly 
fweet. 

In  the  ULCEROUS  sore  throat  much  advantage 
has  been  experienced  from  the  vapours  of  efFervefcing 
mixtures  drawn  into  the  fauces  But  this  remedy 
ffiould  not  fuperfede  the  ufe  of  other  antifeptic  appli¬ 
cations.  § 

Aphyfician^  who  had  a  very  painful  apthous  ul¬ 
cer  at  the  point  of  his  tongue,  found  great  relief, 
when  other  remedies  failed,  from  the  application  of 
fixed  air  to  the  part  afFe£ted.  He  held  his  tongue  over 
an  efFervefcing  mixture  of  potaffi  and  vinegar;  and  as 
the  pain  was  always  mitigated,  and  generally  removed 
by  this  vaporifation,  he  repeated  it,  whenever  the  an,- 
guifh  arifing  from  the  ulcer  was  more  than  ufually  fc- 
vere.  He  tried  a  combination  of  potafh  and  oil  of  vi¬ 
triol  well  diluted  with  water;  but  this  proved  ftimu- 
lant  and  increafed  his  pain  ;  probably  owing  to  fome 

t 

Vid.  Mr,  White’s  ufeful  treatifeon  the  management  of  pregnant  and 
lying-in  women,  p.  279. 

§  Seethe  author’s  obfervations  on  the  efficacy  of  external  applications  In 
the  ulcerous  fore  throats,  ElTays  medical  and  experimental,  Vol,  1. 2d  edit., 

'f*  377- 

*  The  author  of  thefe  obfervations. 
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particle^  of  the  acid  throwrt  upon  the  tofigue,  by  the 
violence  of  the  effervefcence.  For  a  paper  ftainedl 
with  the  purple  juice  of  radifhes,  when  helcf  at  an  equal 
dllfanee  over  two  veiTeis^the  one  containing  potafli  and 
vinegar,  the  other  the  fame  alkali  and  Spiritus  vitriol^ 
tenuisy  was  unchanged  by  tbe  former,  but  was  fpotted 
with  red,  in  various  parts,  by  the  latter. 

4 

In  MAtiONANT  FEVERS  wines  abounding  with  fixed 
air  may  be  adminiftered,  to  check  the  feptic  ferment/ 
and  fweeten  the  putrid  colluvies  in  the  prhna  vtis.  If 
the  laxative  quality  of  fueh  liquors  be  thought  an  ob- 
jeQion  to  the  ufe  of  thern,  wines  of  a  greater  age 
may  be  given,  impregnated  with  mephitic  air,  by  2t 
limple  but  ingeniotis  contrivance  of  iny  friend  Dr* 
Pi  ieftley.  -f* 

\ 

The  patient’s  comrnon  drink  might  alfo  be  medi¬ 
cated  in  the  fame  w^ay.  A  putrid  dfarrhjea  fre¬ 
quently  occurs  in  the  latter  itage  of  fuch  diiordefi 
and  it  is  a  moft  alarming  and  dangerous  fymptom.  if 
the  difcharge  be  flopped  by  aflringents,  a  putrid  fames 
is  retained  in  the  body,  W'hieh  aggravates  the  defJriumr 
and  incFcafes  the  fever.  On  the  contrary,'  if  it  be'' 
fuffered  to  take  its  courfe,  the  flrength  of  the  patient 
muft  foon  be  exhaufled,  and  death  unavoidably  enfue.- 
The  inje£lion  of  mephitic  air  into  the  inteflines,^ un¬ 
der  thefe  eircumflanees,  bids  fair  to  be  highly  ferviec- 
able.  And  a  cafe  of  this  deplorable  kind,  has  lately 
been  communicated  to  me,  in  w^hich  the  vapour  of 

•  '-f  DIr«»£Vi6n9  for  impregnating  water  with  fixed  aTir,  in  order  to  cond^ 
tnunicate  to  it  the  peculiar  fpirit  and  virtue*  of  Pyrmont  Water,  an^ 
«(h  er  mineral  waterrs  cf  a  fimilar  natltre. 
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clialk  and  oil  of  vitriol  conveyed  into  the  body  by 
the  machine  employed  for  tobacco  clyfters,  quickly  re  - 
flraincd  the  diarrhaa^  corrected  the  heat  and  fcEtor 
of  the  ftools,  and  in  two  days  removed  every  fymp- 
tom  of  danger  Two  limilar  inftances  of  the  fa- 
lutary  efFedls  of  mephitic  air,  thus  adminiftered,  have 
'Occurred  alfo  in  my  own  practice,  the  hiftory  of  which 
I  fliall  briefly  lay  before  the  reader.  May  we  not 
prefume  that  .the  fame  remedy  would  be  equally  ufe- 
ful  in  the, Dysentery ?  The  experiment  is  at  leaft 
worthy  of  trial. 

/  '  ' 

Mr.  W - — ,  aged  forty-four  years,  corpulent,  in  - 
active,  with  a  fhort  neck,  and  addi£led  to  habits  of 
intemperance,  was  attacked  on  the  yth  of  July  1772, 
with  fymptoms  which  feemed  to  threaten  an  apoplexy. 
On  the  8th,  a  bilious  loofenefs  fucceeded,  wdth  a 
profufe  hoemorrhage  from  the  nofe.  On  the  9th,  I 
was  called  to  his  affiftance.  His  countenance  was 
bloated,  his  eyes  heavy,  his  fkin  hot,  and  his  pulfe 
hard,  full,  and  opprefTed.  The  diarrhasa  continued  ; 
his  fjools  were  bilious  and  very  olFenfive ;  and,  he 
complained  of  griping  pains  in  his  bowels.  'He  had 
loft,  before  J  faw  him,  by  the  dire(ft;ion  of  Mr.  Hall, 
a  furgeon  of  eminence  in  Manchefter,  eight  ounces 
of  blood  from  the  arm,  which  w^as  of  a  lax  tex- 
ture;  and  he  had  taken  a  faline  mixture  every 
fixth  hour.  The  following  draught  was  preferibed, 

‘  and  a  dofe  of  rhubarb  direfted  to  be  adminiftered  at 
night. 

V 

*  Referring  to  the  cafe  communicated  by  Mr.  Hey. 


% 


X 


R.  y/j'* 


306  The 


APPENDIX. 


R.  Aq,  Ctmam,  ten* 

Succ,  Ltmon*  recet*  ^  ' 

^alis  Nitri  gr.  xij.  Syr*  e  Succo  Limon,  3/.  Ai.f*  Hauft*t 
^iis  horls  fumendus* 

«  I 

July  ir.  The  Dlarrhaa  more  moderate;  his 
griping  pains  were  abated  ;  and  he  had  lefs  ftupor  and 
dejedlion  in  his  cpuntenance.  Pulfe  90,  not  fo  hard  or’ 
•  opprelled.  As  his  ftools  continued  to  be  foetid,  the  dofe 
of  rhubarb  was  repeated  ;  and  inltead  of  fimple  cin- 
namon-water,  his  draughts  were  prepared  with  an 
infufion  of  columbo  root* 

12.  The  Dinrrhcea  continued;  his  RooTs  were  in¬ 
voluntary  ;  and  he  difcharged  in  this  way  a  quantity 
of  black,  grumous,  and  foetid  blood.  Pulfe  hard  and 
quick;  fkin  hot ;  tongue  covered  with  a  dark  fur- 
abdomen  fwelled ;  great  ftupor.  Ten  grains  of  co¬ 
lumbo  root,  and  fifteen  of  the  Gummi  rubrum  ojirtn^ 

were  added  to  each  draught.  Fixed  air,  under 
the  form  of  clyfters,  was  injedfed  every  fecond  or 
third  hour  ;  and  diredlions  were  given  to  fupply  the 
patient  plentifully  with  water,  artificially  impregnated 
with  mephitic  air.  A  blifter  was  alfo  laid  between 
his  fhoulders. 

I 

13.  The  Diarrhcea  continued,  with  frequent  dif- 

chargres  of  blood ;  but  the  fiools  had  now  loft  their 
foetor.  Pulfe  120;  great  flatulence  in  the  bowels, 
and  fulnefs  in  the  belly.  The  clyfters  of  fixed  air 
always  diminiflied  the  tenfion  of  Abdomen y  abated 

flatulence,  and  made  the  patient  more  eafy  and  com^ 
pofed  for  fome  time  after  their  injedicn.  were 

diredled 
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<!ire£led  to  be  continued,^  together  with  the'  medicateti 
water.  The  nitre  was  omitted,  and  a  fcruple  of  the: 
Confer,  Damhcratis  was  given  every  fourth  hour^  iri 
an  infufion  of  columbo  root. 

\ 

14.  The  Diarrhaea  was  how  checked.  His  othef 
fymptoms  continued  as  before.  Biifters  were  applied 
to  the  arms ;  and  a  drachm  and  a  half  of  the  Tihdurd 
Serpentarics  was  added  to  each  draught.* 

15.  His  pulfe  was  feeble,  quicker,  and  more  irre¬ 
gular.  He  dofed  much;  talked  incoherently;  and 
laboured  under  a  flight  degree  of  Dyfpntsa,  Hi's  urine, 
which  had  hitherto  affumed  no  remarkable  appearance^ 
now  became  pale.  Though  he  difcharged  wind  very 
freely,  his  belly  was  much  fwelled,  except  for  a  fliort 
time  after  the  inje£lion  of  the  air-clyflers.  The  foU 
lowing  draughts  were  then  prefcribed. 

R  Camphor mucilag*  G,  Arab*  ifoluid  gr,  vHj» 

Jnfuf*  Rad.  Columbo  ^jfs  Tinil.  Serpent, 

ConfeSf.  Card,  Syr.  e  Cori.  Aurant  i  m.f.HauJl^ 

'  Atis  horis  fumcndus. 

Direftions  were  given  to  foment  his  feet  frequently 
with  vineo;ar  and  warm  water, 

O 

16.  He  has  had  no  ftools  fince  the  14th.  His  Ahdo-^ 
men  is  tenfe.  No  change  in  the  other  fympiQms, 
The  Tincl,  Serpent,  was  omitted  in  his  draughts,  and 
an  equal  quantity  of  Tinct,  Rba^i  Sp,  fabftituted  in 
place'. 

X  2"  In 
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In  the  evening  he  had  a  motion  to  ftool,  of  which 
he  was  for  the  firfl:  time  fo  fenfible,  as  to  give  notice 
to  his  attendants.  But  the  difchargC;,  which  was  con- 
liderable  and  llightly  ofFenfive,  confifted  almoil  en  ¬ 
tirely  of  blood,  both  in  a  coagulated  and  in  a  liquid 
flate.  His  medicines  were  therefore  varied  as  follows  • 


R,  Deco£i,  Cort*  per  "^ifs  TtnSf,  Cort*  ejufd, 

ConfeSi,  Card^  Gum,  Ruhr,  AJiring,  gr,  xv, 
Pulv,  Alnmln^  gr,  vij,  m,  f,  Hauftus  horis 
fianendus* 

< 

Red  Port  wine  was  now  given  more  freely  in  his 
medicated  water ;  and  his  nourifhment  confifted  of 
fago  and  falep. 


In  this  flate,  with  very  little  variation,  he  continued 
for  feveral  days ;  at  one  time  ollive,  and  at  another 
difchargingfmall  quantities  of  faeces,  mixed  with  gru- 
mous  blood.  The  air-clyfters  were  continued,  and 
the  aftringents  omitted. 


20.  His  urine  was  now  of  an  amber  colour,  and 
depofited  a  Hight  fediment.  His  pulfe  was  more  regu¬ 
lar,  and  although  ftill  very  quick,  abated  in  number 
ten  ftrokes  in  a  minute.  His  head  was  lefs  confufed, 
\  and  his  deep  feemed  to  be  refrefhing.  No  blood  ap¬ 
peared  in  his  flools,  which  were  frequent,  but  fmall 
in  quantity;  and  h\%  Abdomen  was  lefs  tenfe  than  ufual. 
He  was  extremely  deaf  ;  but  gave  rational  anfwers  to 
the  few  queftions  which  were  prOpofed  to  him ;  and 
.  ftid  he  felt  no  pain. 

He 
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21.  He  palTed  a  very  reftlefs  night;  his  delirium 
recurred;  his  pulfe  beat  125  ftrokes  in  a  minute  5 
his  urine  was  of  a  deep  amber  colour  when  firft  voided; 
but  when  cold  alFumed  the  appearance  of  cow’s  whey* 
The  Abdomen  was  not  very  tenfe,  nor  had  he  any  fur¬ 
ther  difcharge  of  blood. 

\ 

Dire£l:ions  were  given  to  fhave  his  head,  and  to 
wafli  it  with  a  mixture  of  vinegar  and  brandy  ;  the 
quantity  of  wine  in  his  drink  was  diminiflied;  and  the 
frequent  ufe  of  the  pediluvium  was  enjoined.  The 
air-clyfters  were  difcontinued,  as  his  llools  were  not 
olfenfive,  and  his  Abdomen  lefs  diflended. 


22.  His  pulfe  was  now  fmall,  irregular,  and  beat 
130  llrokes  in  a  minute.  The  Dyfpnoea  was  greatly 
increafed  ;  his  fkin  was  hot,  and  bedewed  with  a 
clammy  moifture  ;  and  every  fymptont  feemed  to  in¬ 
dicate  the  approach  of  death.  In  this  flate  he  con¬ 
tinued  till  evening,  when  he  recruited  a  little.  The. 
next  day  he  had  feveral  flight  convulflons.  His  urine 
which  was  voided  plentifully,  ftill  put  on  the  appear¬ 
ance  of  whey  when  cold.  Cordial  and  antifpafmodic 
draughts,  compofed  of  camphor,  tin£lure  of  caflor,  , 
and  Sp.  voL  aro?nat,  were  now  directed  ;  and  wine  was 
liberally  adminiltered. 

24.  He  rofe  from  his  bed,  and  by  the  afliftance  of 
his  attendants  walked  acrofs  the  chamber.  Soon  after 
be  was  feized  with  a  violent  convulfion,  in  which  he 
expired. 


To  adduce  a  cafe  which  terminated  fatally  as  a 
proof  of  the  efficacy  of  any  rnedicine,  recommended 

X  3  to  ' 
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to  theattentioii  of  the  public,  may  perhaps  appear 
iingular;  but  cannot  be  deemed  abfurd,  when  that 
remedy  anfwered  the  purpofes  for  which  it  was  in-?? 
tended.  For  in  the  inf^ance  before  us ;  fixed  air  was 
employed,  not  with  an  expectation  that  it  would  cure 
the  fever,  but  to  obviate  the  fymptoms  of  putrefaClion, 
and  to  allay  the  uneafy  irritation  in  the  bowels.  The 
difeafe  was  too  malignant,  the  nervous  fyftem  too  vio- 
'  ^  lently  afFeCfed,  and  the  Ihrength  of  the  patient  too 
much  exhaufted  by  the  difcharges  of  blood  which  he 
fuffered,  to  afford  hopes  of  recovery  from  the  ufe  of 
the  raoft  powerful  antifeptics. 

But  in  the  fucceeding  cafe  the  event  proved  more 
fortunate, 

Elizabeth  Grundv,  aged  feventeen,  was  attacked 
'  on  the  iQth  of  December  1772,  with  the  ufual  fymp- 
^oms  of  a  continued  fever.  The  common  method  of 
cure  was  purfued  ;  but  the  difeafe  ipcreafed,  and  foon 
^ffumed  a  putrid  type. 

On  the  23d  I  found  her  in  a  conflant  delirium,  with 
a  fubfultus  tendinurn.  Her  fkin  was  hot  and  dry,  her 
tongue  black,  her  thirft  immoderate,  and  her  ftools 
frequent,  extremely  oixenfive,  and  for  the  moft  part 
involuntary.  Her  pulfe  beat  130  flrokes  in  a  minute 
file  dofed  much  ;  and  was  very  deaf.  I  direCted  wine 
to  be  adminiftered  freely;  a  blifter  to  be  applied  to 
her  back;  the  pediluvium  to  be  ufed  feveral  times  in 
the  day ;  and  mephitic  air  to  be  injeCfed  under  the 
form  of  a  clyfler  every  two  hours.  The  next  day 
her  flools  were  lefs  frequent,  had  loft  their  foetor, 
and  were  no  longer  difcharged  involuntarily  ;  her 
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pulfe  was  reduced  to  i  lo  ftrokes  in  the  minute  ;  and 
her  delirium  was  much  abated.  Direftions  were  eiven 

o 

to  repeat  the  clyfters,  and  tofupply  the  patient  libe* 
'rally  with  wine.  I'liefe  means  were  alliduoufly  pur“ 
fued  feveral  days  ;  and  the  young  woman  was  fo  re¬ 
cruited  by  the  28th5  that  the  injections  were  difeon- 
tinued.  She  was  now  quite  rational,  and  not  averfe 
to  medicine.  A  decoCtion  of  Peruvian  bark  was 
therefore  prefc‘ribcd,  by  the  ufe  of  which  fhe  fpeedily 
recovered  her  health. 

I  might  add.  a  third  hiftory  of  a  putrid  difeafe,  in 
which  the  mephitic  air  is  now  un,der  trial,  and  which 
‘  affords  the  itrongeft  proof  both  of  the  anilfeptic,  and 
of  the  tonic  powers  of  this  remedy  ;  but  as  the  ifTue 
of  the  cafe  remains  yet  undetermined  (though  it  is 
highly  probable,  alas !  that  it  will  be  fatal)  I  fliall 
relate  only  a  few  particulars  of  it,  MafterD.  a  boy 
of  about  twelve  years  of  age,  endowed  with  an  un¬ 
common  capacity,  and  with  the  moft  amiable  difpo- 
litions,  has  laboured  many  months  under  a  heCfic 
fever,  the  confequence  of  feveral  tumours  in  different 
parts  of  his  body.  Two  of  thefe  tumours  were  laid 
open  by  Mr.  White,,  and  a  large  quantity  of  purulent 
matter  was  difeharged  from  them.  The  wounds  were 
'''ery  properly  treated  by  this  fkilful  furgeon,  and  every 
Suitable  remedy,  which  my  beft  judgment  could  fug- 
geff,  was  alliduoufly  adminiflered.  But  the  matter 
became  fanious,  of  a  brown  colour,  and  highly  putrid, 
A  Diarrhoea  fucceeded  fthe  patient’s  ftools  were  into 
lerably  offenlive,  and  voided  without  his  knowledge^ 
A  black  fur  colleCled  about  his  teeth ;  his  tongue  wa 
covered  viith.  Jphthce  ;  and  his  breath  was  fo  fcetiel,  a^ 
fcarcely  to  be  endured.  His  flrength  w^as  almofl;  ex 
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haulled  ;  a  fuhfultus  tendlnum  came  on  ;  and  the  -final 
period  of  his  fufferings  feemed  to  be  rapidly  approach¬ 
ing-  As  a  laft,  butalmoft  hopelefs,  effort,  I  advifed 
the  inje£fionof  clyfters  of  mephitic  air.  Thefe  foon 
corrected  the  foetor  of  the  patient’s  flools ;  reftrained 
his  DiatThaa  \  and  feemed  to  recruit  his  ftrength  and 
fpirits.  Within  the  fpace  of  twenty-four  hours  his 
wounds  affumed  a  more  favourable  appearance ;  the 
matter  difcharged  from  them  became  of  a  better  colour 
and  conliftence;  and  was  no  longer  fo  offenlive  to  the 
fmell.  The  ufe  of  this  remedy  has  been  continued 
feveral  days,  but  is  now  laid  alide.  A  large  tumour 
is  fuddenly  formed  under  the  right  ear ;  fwallowing  is 
rendered  difficult  and  painful  ;  and  the  patient  refufes 
all  food  and  medicine.  Nourilhing  clyfters  are  di¬ 
rected  ;  but  it  is  to  be  feared  that  thefe  will  renew 
the  loofenefs,  and  that  this  amiable  youth  will  quickly 
fink  under  his  diforder 

The  ufe  oi  wort  from  its  faccharine  quality,  and 
difpofition  to  ferment,  has  lately  been  propofed  as  a 
remedy  for  the  Sea  Scurvy.  Water  or  other  liquors, 
already  abounding  with  fixed  air  in  a  feparate  {fate, 
fhould  feem  to  be  better  adapted  to  this  purpofe ;  as 
they  will  more  quickly  correCf  the  putrid  difpofition 
of  the  fluids,  and  at  the  fame  time,  by  their  gentle 
fiimulus  I  increafe  the  powers  of  digeftion,  and  give 
new  firength  to  the  whole  fyfieiu. 

*  He  languifhed  about  a  week,  and  then  died. 

^  * 

J  The  vegetables  which  are  moft  efhcadous  in  the  cure  of  the  fcui  vy, 
pofi'eis-fomc  degree  of  a  ftiinulatipg  power. 

Dr. 
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Dr.  Prieflley,  who  fuggeftcd  both  the  idea  and  the 
Theans  of  executing  it,  has  under  the  fan^tion  of  the 
College  of  Phylicians,  propofed  the  fcheme  to  the 
Lords  of  the  Admiralty,  who  have  ordered  trial  to  be 
made  of  it,  on  board  fome  of  his  Majefty’s  (hips 
of  war.  Might  it  not  however  give  additional  effi¬ 
cacy  to  this  remedy,  if  inftead  of  limple  water,  the 
infuiion  of  malt  were  to  be  employed  ? 


I  am  perfuaded  fuch  a  medicinal  drink  might  be 
prefcribed  alfo  with  great  advantage  in  scrophulous 
toMPL'AiNTs,  when  not  attended  with  a  heftic  fever  ; 
and  in  other  diforders  in  which  a  general  acrimony 
prevails,  and  the  cralis  of  the  blood  is  deftroyed. 
Under  fuch  circumftances,  I  have  feen  vibices  which 
fpread  over  the  body,  difappear  in  a  few  days  from 
the  ufe  of  wort. 


A  gentleman  who  is  fhbje£l  to  a  fcorbutic  eruption 
in  his  face,  for  which  he  has  ufed  a  variety  of  re¬ 
medies  with  no  very  beneficial  effe£f,  has  lately  applied 
the  fumes  of  chalk  and  oil  of  vitriol  to  the  parts  afFe£l;- 
ed.  The  operation  occafions  great  itching  and  prick¬ 
ing  in  the  fkin,  and  fome  degree  of  drowlinefs,  but 
evidently  abates  the  ferous  difcharge,  and  diminlfhes 
the  eruption.  This  patient  has  feveral  fymptoms 
which  indicate  a  genuine  fcorbutic  Diathesis  ;  and 
it  is  probable  that  fixed  air,  taken  internally,  would 
be  an  ufual  medicine  in  this  cafe. 


The  faline  draughts  of  Riverius  are  fuppofed  to 
owe  their  antiemetic  effedls  to  the  air,  which  is  fepa- 
rated  from  the  fait  of  wormvyood  during  the  a£l  of 
efvervefcence.  And  the  tonic  powers  of  many  mineral 

waters 
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waters  feem  to  depend  on  this  principle.  I  was  late¬ 
ly  defired  to  viht  a  lady  who  had  moft  fevere  convuN 
iive  REACHiNGS.  Various  remedies  had  been  admini- 
ilered  without  efteft,  before  I  faw  her.  She  earneftly 
defired  a  draught  of  malt  liquor,  and  was  indulged 
with  half  a  pint  of  Burton  beer  in  briflc  effervefcence. 
The  vomitings  ceafed  immediately,  and  returned  no 
more.'  Fermenting  liquors,  it  is  w^ell  known,  abound 
with  fixed  air.  To  this,  and  to  the  cordial  quality  of 
the  beer,  the  favourable  efFe£l  which  it  produced,  may 
jufilybe  afcribed.  But  I  fliall  exceed  my  defign  by- 
enlarging  further  on  this  fubjeft.  What  has  been  ad- 
^yanced  it  is  hoped,  will  fuffice  to  excite  the  attention 
of  phyficians  to  a  remedy  which  is  capable  of  being 
applied  to  fo  many  important  medicinal  purpofes* 


N  U  M  B  E  R  IV. 

I 

'ExtraB  of  a  Letter  from  William  Fal¬ 
coner,  M.  D.  ^Bath. 


Reverend  Sir, 


Jam  6^  1774. 


I  once  obferved  the  fame  tafte  you  mention  (Philofo- 
phical  Tranfaftions,  p.  156.  of  this  Volume,  p.  35.) 
viz.  like  tar  water,  in  fome  water  that  I  impregnated 
with  fixed  air  about  three  years  ago.  1  did  not  then 
know  to  what  to  attribute  it,  but  your  experiment 
feems  to  clear  it  up.  I  happened  to  have  fpent  all  my 
acid  for  raifing  effervefcence,  and  to  fupply  its  place  I 
ufed  a  bottle  of  dulcified  fpirit  of  nitre,  'which  I 
knew  was  greatly  under-faturated  with  fpirit  of  wine  . 

froni 
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from  which,  as  analogous  to  your  obfervadoh,  I  ima¬ 
gine  the  eiFe£l  proceeded. 


As^to  the  coagulation  of  the  blood  of  animals 
by  fixed  Air,  I  fear  it  will  fcarce  ftand  the  tefl  of 
experiment,  as  I  this  day  gave  it,  J  think,  a  fair 
trial,  in  the  following:  manner. 


A  young  healthy  man,  at  20  years  old,  received  a 
contulion  by  a  fall,  w^as  inftantly  carried  to  a  neigh-, 
bouring  furgeon,  and,  at  my  recjuefi:,  bled  in  the 
following  manner. 

I  inferred  a  g-lafs  funnel  into  the  neck  of  a  laro-e 

C) 

clear  phial  about  ^x.  contents,  and  bled  him  into  it  to 
about  ^viii.  By  thefe  means  the  blood  was  expofed  to 
the  air  as  little  a  time  as  pofiible,  as  it  flowed  into 
the  bottle  as  it  came  from  the  orifice. 

As  foon  as  the  quantity  propofed  was  drawn,  the 
bottle  was  carefully  corked,  and  brought  to  me.  It 
was  then  quite  fluid,  nor  was  there  the  leafl  repara¬ 
tion  of  its  parts. 

On  the  furface  of  this  I  conveyed  feveral  flreams  of 

fixed  air  (having  firfi;  placed  the  bottle  with  the  blood 

in  a  bowd  of  water,  heated  as  nearly  to  the  human 

heat  as  poflible)  from  the  mixture  of  the  vitriolic  acid 

find  lixiv.  tartar,  which  I  ufe  preferably  to  other  alka-  * 
» 

*  This  refers,  to  an  experiment  mentioned  in  the  firft  publication  of 
thefe  papers  in  tjie  Philofophical  Tranfadlions,  but  omitted  in  this  vo¬ 
lume,  ,  . 
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lines,  as  being  (as  Dr,  Cnllen  obferves)  in  the  mildeft 
Hate,  and  therefore  mofl;  likely  to  generate  moil  air. 

*s 

I  fl:iook  the  phial  often,  and  threw  many  ftreams  of 
air  on  the  blood,  as  I  have  often  praftifed  with  fuccefs 
for  impregnating  water  ;  but  could  not  perceive  the 
fmalleft  ligns  of  coagulation,  although  it  Hood  in  an 
atmofphere  of  fixed  air  20  minutes  or  more.  I 
then  uncorked  the  bfvrtles,  and  poured  off  about  ^ii 
to  which  I  added  about  6  or  7  gtts  of  fpirit  of  vi¬ 
triol,  v;hich  coagulated  it  immediately*  I  the  re¬ 
mains  in  a  cold  place  and  it  coagulated,  as  near  as 
1  could  judge,  in  the  fame  time  that  blood  would 
have  done  newly  drawn  from  the  vein. 

P.  82.  Perhaps  the  circumHance  of  putrid  vege¬ 
tables  yielding  all  Hxed  and  no  inflammable  air  may 
be  the  caufes  of  their  proving  fo  antifcptic,  even  when 
putrid,  as  appears  by  Mr,  Alexander’s  Experiments. 

P.  86.  Perhaps  the  putrid  air  continually  exhaled 
may  be  one  caufe  of  the  luxuriancy  of  plants  growing 
on  dunghills  or  in  very  rich  foils. 

P.  146.  Your  obfervation  that  inflammable  air  con- 
fifts  of  the  union  of  fome  acid  vapour  with  phlogiflon, 
puts  me  in  mind  of  an  old  obfervation  of  Dr.  Cullen, 
that  the  oil  feparated  from  foap  by  an  acid  was  much 
naore  inflammable  than  before,  refembling  elfential 
oil,  and  foluble  in  V.  fp. 

I  have  tried  fixed  air  as  an  antifeptic  taken  in  by 
refpiration,  but  with  no  great  fuccefs.  In  one  cafe  it 
jfeemed  to  be  of  fervice,  in  two  it  feemed  indifferent, 
and  in  one  vva.s  injurious,  by  exciting  a  cough. 

N  U 
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NUMBER  V. 

Extras  of  a  Letter  from  Mr.  William  Bewlev, 
<7/Great  Massingham,  Norfolk. 

\  ^  -  March  23,  1774. 

Dear  Sir, 

When  I  firft  received  your  paper,  I  happened  to 
have  a  procefs  going  on  for  the  preparation  of  nitrous 
€thery  without  diftillation."^  I  had  heretofore  always 
taken  for  granted  that  the  elaftic  fluid  generated  in  that 
preparation  was  fixed  air  :  but  on  examination  I  found 
this  combination  of  the  nitrous  acid  with  inflammable 
fpirits,  produced  an  elaflic  fluid  that  had  the  fame  ge¬ 
neral  properties  with  the  air  that  you  unwillingly, 
though  very  properly,  in  my  opinion,  term  nitrous  % 
as  I  believe  it  is  not  to  be  procured  without  employ¬ 
ing  the  nitrous  acid,  either  in  a  fimple  flate,  or  com¬ 
pounded,  as  in  aqua  regia*  I  fhall  fuggeft,  however, 
by  and  by  fome  doubts  with  refpe£l  to  it’s  title  to  the 
appellation  of  air* 

Water  impregnated  with  your  nitrous  air  certainly^ 
as  you  fufpe£led  from  it’s  tafte,  contains  the  nitrous 


*  The  firft  account  of  this  curious  procefs  was,  I  believe,  given  in  the 
Mem.  de  I’Ac.  de  Sc.  de  Paris  for  174Z.  Though  feemingly  lefs  volatile 
than  the  vitriolic  ether,  it  boils, with  a  much  fmaller  degree  of  heat.  One 
day  laft  fummcr,  it  boiled  in  the  cooleft  room  of  my  houfe;  as  it  gave  me 
notice  by  the  explofion  attending  its  driving  out  the  cork.  To  fave  the 
bottle,  and  to  prevent  the  total  lofs  of  the  liquor  by  evaporation,  I  found 
luyfelf  obliged  indantly  to  carry  it  down  to  my  cellar. 
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acid.  Onfaturating  a  quantity  of  this  water  with  sL 
fixed  alcali,  and  then  evaporatings  &c.  I  have  pro¬ 
cured  two  chryftals  of  nitre.  But  the  principal  ob- 
fervations  that  have  occurred  to  me  on  thefubjeftof 
nitrous  air  are  the  following.  My  experiments  have 
been  few  and  made  by  fnatches,  under  every  difad- 
vantage  as  to  apparatus,  &c.  and  with  frequent  inter¬ 
ruptions  ;  and  yet  I  think  they  are  to  be  depended  upon* 

My  fir^  remark  is,  that  nitrous  air  does  not  give 
water  a  fenlibly  acid  impregnation,  unlefs  it  comes  in¬ 
to  contaft,  or  is  mixed  with  a  portion  of  common  or 
atmofpherical  air :  and  my  fecond,  that  nitrous  air 
principally  confifts  of  the  nitrous  acid  itfelf,  reduced 
to  the  flate  of  a  permanent  vapour  not  condenfable  by 
cold,  like  other  vapours,  but  which  requires  the  pre- 
fence  and  admixture  of  common  air  to  reftore  it  to  its 
primitive  hate  of  a  liquid.  I  am  beholden  for  this 
idea,  you  will  perceive,  to  your  own  very  curious 
difcovery  of  the  true  nature  of  Mr.  Cavendifh’s  marine 
vapour. 

When  I  firh  repeated  your  experiment  of  impreg¬ 
nating  water  with  nitrous  air,  the  water,  I  mull  own 
tafled  acid;  as  it  did  in  one,  or  perhaps  two  trials 
afterwards;  but,  to  my  great  aftonilliment,  in  all  the 
following  expeiiments,  though  fome  part  of  the  fa£fi- 
tious  air,  or  vapour,  was  vihbly  abiorbed  by  the  wa¬ 
ter,  I  could  not  perceive  the  latter  to  have  acquire^j 
any  fenfible  acidity.  I  at  length  found,  however,  that 
I  could  render  this  fame  water  very  acid,  by  means 
only  of  the  nitrous  air  already  included  in  the  phial 
with  it.  Taking  the  inverted  phial  out  of  the  watery 

I  remove  my  finger  from  the  mouth  of  it,  to  admit  a 

little 
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little  of  the  common  air,  and  indantly  replace  my 
•finger.  The  rednefs,  effervefcence,  and  diminution 
take  place.  Again  taking  off  my  finger,  and  infiantly 
replacing  it,  more  common  air  rufhes  in,  and  the 
fame  phenomena  recur.  The  procefs  fometimes  re¬ 
quires  to  be  feven  or  eight  times  repeated,  before  the 
whole  of  the  nitrous  vapour  -''as  I  fliall  venture  to  call 
it)  is  condenfed  into  nkrous  acid,  by  the  fuccefiive 
entrance  of  freOi  parcels  of  common  air  after  each  ef- 
fervefcence  ;  ana  the  water  becomes  evidently  more 
and  more  acid  after  every  fuch  frefh  admiflion  of  the 
external  air,  which  at  length  ceafes  to  enter,  when 
the  whole  of  the  vaoour  has  been  condenfed*  No-  acri- 
tation  of  the  water  is  requifite,  except  a  gentle  mo¬ 
tion,  juft  fufticient  to  rince  the  fides  of  the  phial,  in 
order  to  wafli  off  the  condenfed  vapour. 

The  acidity  which  you  y^and  I  likewife,  at  firft) 
obferved  in  the  water  agitated  with  nitrous  air  alone, 
1  account  for  thus.  On  bringings  the  phial  to  the 
mouth,  the  common  air  meeting  with  the  nitrous 
vapour  in  the  neck  of  the  phial,  condenfes  it,  and 
impregnates  the  water  with  the  acid,  in  the  very  adl 
of  receiving  it  upon  the  tongue.  On  ftoppiag'the 
mouth  of  the  phial  with  my  tongue  for  a  Ihort  time 
and  afterwards  withdrawing  it  a  very  little,  to  fuffer 
the  common  air  to  rulh  paft  it  into  the  phial,  theien- 
fation  of  acidity  has  been  fometimes  intolerable:  but 
taking  a  large gulph  of  the  water  at  the  fame  time,  it 
has  been  found  very  flightly  acid. --The  following  is 
one  of  the  methods  by  which  1  have  given  water  a 
very  ftrongacid  impregnation,  by  means  of  a  mixture 
of  nitrous  and  common  air. 


Into 
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Into  a  fmall  phial,  containing  only' common  air^ 
i  force  a  quantity  of  nitrous  air  at  random,  out  of 
a  bladder,  and  inftantly  clap  my  finger  on  the  mouth 
of  the  bottle.  I  then  immerfe  the  neck  of  it  into 
water,  a  fmall  quantity  of  which  I  fuffer  to  enter, 
which  fquirts  into  it  with  violence;  and  immediately 
replacing  my  finger,  remove  the  phial.  The  water 
contained  in  it  is  already  very  acid,  and  it  becomes 
more  and  more  fo  (if  a  lufhcient  quantity  of  nitrous 
air  was  at  firft  thrown  in)  on  alternately  flopping  the 
mouth  of  the  phial,  and  opening  it,  as  often  as  frefh 
air  will  enter. 

Since  I  wrote  the  above,  I  have  frequently  con¬ 
verted  a  fmall  portion  of  water  in  an  ounce  phial  into 
a  weak  Aqua  fortls,  by  repeated  mixtures  of  common 
and  nitrous  air;  throwing  in  alternately  the  one  or 
the  other,  according  to  the  circumflances ;  that  is, 
as  long  as  there  was  a  fuperabundance  of  nitrous  air, 
fuffering  the  common  air  to  enter  and  condenfe  it  • 
and,  when  that  was  effedfed,  forcins;  in  more  nitrous 
air  from  the  bladder,  to  the  common  air  which  now 
predominated  in  the  phial — and  fo  alternately.  I  have 
wanted  leifure,  and  conveniences,  to  carry  on  this 
procefs  to  its  maximum,  or  to  execute  it  in  a  different 
and  better  manner ;  but  from  what  I  have  done,  I 
think  we  may  conclude  that  nitrous  air  confifts  prin¬ 
cipally  of  the  nitrous  acid,  phlogifticated,  or  other- 
wife  fo  modified,  by  a  previous  commenflruation  with 
metals,  inflammable  fpirits,  &c.  as  to  be  reduced  into 
a  durably  elaflic  vapour  :  and  that,  in  order  to  deprive 
it  of  its  elafticity,  and  reftore  it  to  its  former  Hate,  an 
addition  of  common  air  is  requifite,  and,  as  I  fufpe£f, 
of  water  likewife,  or  fome  other  fluid:  as  in  the 

courfe 
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tourfe  of  my  few  trials,'  I  have  not  yet'  been  able  to 
^ondenfe  it  in  a  perfeftly  dry  bottle. 

NUMBER  VI. 

A  , Letter  front  Dr.  Franklin. 

t 

% 

Craven  Street,  April  lo,  1774* 

Dear  Sir, 

In  compliance  with  your  requeft,  I  have  endea¬ 
voured  to  recolleft  the  circumftances  of  the  American 
Experiments  I  formerly  mentioned  toyouj  of  railing  a 
flame  on  the  furface  of  lome  waters  there/ 

When  I  palled  through  New  Jerfey  in  1 764,  I  heard 
itfeveral  times  mentioned,  that  by  applying  a  lighted 
candle  near  the  furface  of  fome  of  their  rivers,  a  fud-» 
den  flame  would  catch  and  fpread  on  the  water,  con- 
finuins:  to  burn  for  near  half  a  minute.  But  theac- 
counts  I  received  were  fo  imperfect  thdt  I  could  form 
no  guefs  at  the  caufe  of  fuch  an  eltefl:,  and  rather 
doubted  the  truth' of  it.  I  had  no  opportunity, of  fee« 
ing  the  experiment ;  but  calling  to  fee  a  friend  who 
happened  to  be  juft  returned  home  fromniaking  it  hijn- 
felf,  I  learned  from  him  the  manner  of  it ;  which  was 
*to  choofe  a'fliallow  place,  where  the  bottom  could  be 
reached  by  a  walking- ftick,  and  was  muddy  r  the  mud 
was  flrft  to  be  ftirred  with  the  ftick,  and  when  a  num¬ 
ber  of  fmall  bubbles  began  to  arife  from  it,  the  candle" 
was  applied.  The  flame  was  fo  fudden  and  fo  ftrong,'' 
that  it  catched  his  ruffle  and  fpoiied  it,  as  I  faw.  New- 
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The  appendix. 


Jerfey  having  many  pine-trees  in  different  parts  of  ir^ 

3  then  imagined  that  fomething  like  a  volatile  oil  of 
turpentihe  might  be  mixed  with  the  waters  from  a 
pine-fwamp,  but  this  fuppohtion  did  not  quite  fatisfy 
me,  I  mentioned  the  faff  to  fome  philofophical  friends 
on  my  return  to  JEngland,  but' it  was  not  much  at- 
^tended  to.  1  i'uppQle  1  \yas  thought  a  little  too  cre¬ 
dulous. 

In  1765,  the  Reverend  Dr.  Chandler  received  a 
letter  from  Dr.  Finley,  Prefident  of  the  jCoRege  in 
l-hat  province,  relating  the  fame  experiment.  It  w^as 
jead  at  the  Royal  Society,  Nov.  21.  of  that  year,  but  ' 
Bot  printed  in  the  I'ranfa^lions  ;  perhaps  becaufe  it 
wais  thought  too  flrange  to  be  true,  and  fome  ridicule 
might  be  apprehended  if  any  member  fhould  attempt 
to  repeat  it  in  order  to  afeertain  or  refute  it.  The 
following  is  a  copy  of  that  account. 

'  A  w^ofthy  gentleman,  who  lives  at  a  few  miles 
difiance,  informed  me  that  in  a  certain  fmall  cove  of 
a  mill-po-nd,  near  his  houfe,  he  was  furprized  to  fee 
the  furface  of  the  water  blaze  like  inflamed  fpirits 
J  foon  after  went  to  the  place,  and  made  the  expel 
fiment  with  the  fame  fuccefs.  The  bottom  of  the 
creek  was  muddy,  and  when  flirred  up,  fo  as  to  caufe 
a  confide;:  able  curl  on  the  furface,  and  a  lighted  candle 
Iieldwitlsin  two' or  three  inches  of  it,  the  whole  fur¬ 
face  was  in  a  blaze,  as  inhantly  as  the  vapour  of  warm 
inflammable  f})irits,  and  continued,  when  flrongly 
*  agitated,  for  the  fpace  of  feveral  feconds.  '  It  was  at 
flifl:  imagined  to  be  peculiar  to  that  place;  but  upon 
trial  it  was  foon  found,  that  fuch  a  bottom  in  other 
places  exhibited  the  fame  phenomenon.  The  difeo- 
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very  was  accidentally  made  by  one  belonging  to  the 
mill.” 

I  have  tried  the  experiment  twice  here  in  England, 
but  w'ithout  fuccefs.  The  firfl  w^as  in  a  How  running 
water  wnfh  a  muddy  bottom.  The  fecond  in  a  ftag- 
nant  water  ax  the  bottom  of  a  deep  dirch.  BeingTome 
time  employed  in  ftirring  this  water,  I  afcribed  an  in¬ 
termitting, fever,  which  feized  me  a  few  days  after,  to 
riiy  breathing  too  much  of  that  foul  air  which  Iflirred 
up  from  the  bottom,  and  which  I  could  not  avoid 
while  I  Hooped  in  endeavouring  to  kindle  it. — The 
difcoveries  you  have  lately  made  of  the  manner  in 
which  inflammable  air  is  in  Tome  cafes  produced,  may 
throw  light  on  this, experiment,  and  explain  its  fuc- 
ceeding  in  fome  cafes,  and  not  in  others.  With  the 
highefl  efteem  and  refp.e^, 

.  I  am.  Dear  Sir, 

Your  moH  obedient  humble  fervant, 

B.  Franklin. 


NUMBER  Vir. 

Extra6i  of  a  Letter  fromyix,  Henry  ^Manchefler. 

It  is  with  great  pleafure  I  hear  of  your  intended 
publication  on  air^  and  I  beg  leave  to  cominunicate  to 
you  an  experiment  or  two  which  I  lately  made. 

Dr.  Percival  had  tried,  without  efFe£I,  to  diflTolvc 
lead  in  water  impregnated  with  hxpd  air.  I  however 

thought 
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thought  it  probable,  that  the  experiment  might  fuC-* 
ceed  with  nitrous  air.  Into  a  quantity  of  water  im¬ 
pregnated  with  it,  I  put  feveral  pieces  of  flieet-lead/ 
and  fuffered  them,  after  agitation,  to  continue  im- 
fnerfed  about  two  hours.  A  few  drops  of  vol.  tinfture 
of  fulphur  changed  the  water  to  a  deep  orange  colour, 
but  not  fo  deep  as  when  the  farhe  tindlure  was  added 
to  a  glafs  of  the  fame  Water,  iiito  which  one  drop  of 
a  folution  of  fugar  of  lead  had  been  inftilled.  The 
precipitates  of  both  in  the  morning,  were  exactly  of 
the  fg,me  kind  ;  and  the  water  in  whidh  the  lead  had' 
been  infufed  all  night,  being  again  tried  by  the  fame 
fed,  gave  iigns  of  a  ftill  llronger  faturnine  impregna¬ 
tion— ‘Whether  the  nitrous  air  afts  as  an  acid  on  the 
lead,  or  in  the  fame  manner  that  fixed  air  diffolves  it/ 
I  do  not  pretend  to  determine.  Syrup  of  violets  added 
to  the  nitrous  water  became  of  a  pale  red,  but  od 
fl:anding  about  an  hour,  grew  of  a  turbid  browm  caft/ 

Though  the  nitrous  acid  is  not  often  found,  except 
produced  by  art,  yet  as  there  is  a  probability  that 
nitre  may  be  formed  in  the  earth  in  large  towns,  and 
indeed  fofiile  nitre  has  been  aftually  found  in  fuch 
fituations,  it  fiiould  be  an  additional  caution  againft 
the  ufe  of  leaden  pumps. 

I  tried  to  difiblve  mercury  by  the  fame  means,  but 
without  fuccefs.' 

I 

I  am,  with  the  mofl:  fincere  efteenbj 
Dear  Sir, 

Your  obliged' and  obedient  fervant/ 

T  ri  o.  He  N  R  y. 
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